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This 1982 Microcomputer Division catalog includes specifications for the current product 
lines marketed by the Microcomputer Division of NEC Electronics U.S.A. Inc. In addi- 
tion, it contains a special section of specifications for the ROM product line marketed 
by the Electronic Arrays Division. Both product lines are sold through the NEC Elec- 
tronics U.S.A. sales network (see last page and back covers for listing). 

NEC Electronics U.S.A. Inc., with corporate headquarters in San Mateo, California, is a 
subsidiary of Nippon Electric Company. NEC Electronics U.S.A. Inc. consists of four 
product divisions. The Microcomputer Division, founded in 1975 and now located in 
Natick, Massachusetts, markets a wide variety of leading-edge LSI semiconductor 
memories and microprocessors. The Electronic Arrays Division, acquired by NEC in 
1978, manufactures ROMs and RAMs in Mountain View, California. The Electron Divi- 
sion, founded in 1976 and headquartered in Sunnyvale, California, markets a broad 
range of products including linear ICs, vacuum fluorescent displays, tantalum capaci- 
tors, discrete semiconductors including optoelectronics and fiber optics. The Board Divi- 
sion is also located in Natick, Massachusetts; it designs, manufactures, and sells 
sophisticated board and system products. 

NEC Electronics U.S.A. Inc. NEC Electronics U.S.A. Inc. 

Corporate Headquarters Microcomputer Division 

3055 Clearview Way, Suite 310 One Natick Executive Park 

San Mateo, California 94402 Natick, Massachusetts 01760 

NEC Electronics U.S.A. Inc. 

Electron Division 

252 Humboldt Court 

Sunnyvale, California 94086 

NEC Electronics U.S.A. Inc. 

Electronic Arrays Division 

550 East Middlefield Road 

Mountain View, California 94043 
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U.S.A. Inc. makes no warranty of any kind with regard to this material, including, but 
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MEMORY SELECTION GUIDE 



DEVICE 


SIZE 


PROCESS 


ACCESS 
TIME 


CYCLE 


SUPPLY 
VOLTAGE 


PACKAGE 


MATERIAL 


PINS 



D YNAMIC RANDOM ACCESS MEMORIES 



MPD416 
juPD4164 


16Kx ITS 
64K x 1 TS 


NMOS 
NMOS 


120 ns 
120 ns 


320 ns 
270 ns 


+12, +5,-5 
+5 


C/D 
C/D 


16 
16 



STA TIC RANDOM ACCESS MEMORIES 



MPD5101L 


256 x 4 TS 


CMOS 


450 ns 


450 ns 


+5 


C 


22 


MPD444 


1 K x 4 TS 


CMOS 


200 ns 


200 ns 


+5 


C/D 


18 


juPD446 


2K x 8 TS 


CMOS 


150 ns 


150 ns 


+5 


C/D 


24 


MPD449 


2K x 8 TS 


CMOS 


150 ns 


150 ns 


+5 


C/D 


24 


MPD4016 


2K x 8 TS 


NMOS 


1 50 ns 


150 ns 


+5 


C/D 


24 


MPD4104 


4Kx 1 TS 


NMOS 


200 ns 


310 ns 


+5 


C 


18 


MPD2114L 


1 K x 4 TS 


NMOS 


150 ns 


150 ns 


+5 


C 


18 


MPD2147 


4K x 1 TS 


NMOS 


25 ns 


25ns 


+5 


D 


18 


MPD2149 


1 K x 4 TS 


NMOS 


35 ns 


35 ns 


+5 


D 


18 


MPD2167 


16Kx 1 TS 


NMOS 


55 ns 


55 ns 


+5 


D 


20 



FIELD PROGRAMMABLE READ ONL Y MEMORIES 



MASK PROGRAMMED READ ONL Y MEMORIES 



B 



(Bipolar) 
















MPB406 


1Kx4 0C 


BIPOLAR 


50 ns 


50 ns 


+5 


C/D 


18 


MPB426 


1 K x 4 TS 


BIPOLAR 


50 ns 


50 ns 


+5 


C/D 


18 


MPB409 


2Kx8 0C 


•BIPOLAR 


50 ns 


50 ns 


+5 


C/D 


24 


MPB429 


2K x 8 TS 


BIPOLAR 


50 ns 


50 ns 


+5 


C/D 


24 


(Bipolar Logic/ 


^rray) 














MPB450 


9216 bit 


BIPOLAR 


200 ns 


200 ns 


+5 


D 


48 


(U.V. Erasable) 
















MPD2716 


2Kx8TS 


NMOS 


450 ns 


450 ns 


+5 


D 


24 


MPD2732 


4Kx8TS 


NMOS 


450 ns 


450 ns 


+5 


D 


24 


MPD2732A 


4K x 8 TS 


NMOS 


250 ns 


250 ns 


+5 


D 


24 


MPD2764 


8K x 8 TS 


NMOS 


250 ns 


250 ns 


+5 


D 


28 



MPD2316E/ 


2K x 8 TS 


NMOS 


450 ns 


450 ns 


+5 


C 


24 


EA8316E 
















MPD2316E/ 


2Kx8TS 


NMOS 


350 ns 


350 ns 


+5 


C 


24 


EA8316E-1 
















/UPD2332A/B/ 


4K x 8 TS 


NMOS 


450 ns 


450 ns 


+5 


C 


24 


EA8332A/B 
















MPD2332A/B-1/ 


4K x 8 TS 


NMOS 


350 ns 


350 ns 


+5 


C 


24 


EA8332A/B-1 
















MPD2364/ 


8K x 8 TS 


NMOS 


450 ns 


450 ns 


+5 


C 


24 


EA8264 
















MPD23128/ 


16Kx8TS 


NMOS 


250 ns 


350 ns 


+5 


C 


28 


EA8364 

















Notes: OC = Open Collector; C = Plastic Package; D = Hermetic Package; TS = 3-State 
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MICROCOMPUTER SELECTION GUIDE 



SINGLE CHIP 4-BIT MICROCOMPUTERS 



















SUPPLY 




DEVICE 


FAMILY 


ROM 


RAM 


I/O 


PROCESS 


OUTPUT 


FEATURES 


VOLTAGE 


PINS 


MPD546 


MCOM-43 


2000 x 8 


96x4 


35 


PMOS 


O.D. 




-10 


42 


MPD553 


MCOM-43H 


2000 x 8 


96x4 


35 


PMOS 


O.D. 


A 


-10 


42 


MPD557L 


MCOM-43SL 


2000 x 8 


96x4 


21 


PMOS 


O.D. 


A 


-8 


28 


MPD650 


MCOM-43C 


2000 x 8 


96x4 


35 


CMOS 


push-pull 




+5 


42 


MPD547 


/iCOM-44 


1 000 x 8 


64x4 


35 


PMOS 


O.D. 




-10 


42 


MPD547L 


MCOM-44L 


1 000 x 8 


64x4 


35 


PMOS 


O.D. 




-8 


42 


;uPD552 


MCOM-44H 


1000 x 8 


64x4 


35 


PMOS 


O.D. 


A 


-10 


42 


MPD651 


MCOM-44C 


1 000 x 8 


64x4 


35 


CMOS 


push-pull 




+5 


42/52 


MPD550 


MCOM-45 


640x8 


32x4 


21 


PMOS 


O.D. 


A 


-10 


28 


MPD550L 


MCOM-45L 


640x8 


32x4 


21 


PMOS 


O.D. 


A 


-8 


28 


MPD554 


MCOM-45 


1000 x 8 


32x4 


21 


PMOS 


O.D. 


A 


-10 


28 


juPD554L 


juCOM-45L 


1 000 x 8 


32x4 


21 


PMOS 


O.D. 


A 


-8 


28 


MPD652 


MCOM-45C 


1000 x 8 


32x4 


21 


CMOS 


push-pull 




+5 


28 


MPD556 


/uCOM-43 


External 


96x4 


35 


PMOS 


O.D. 


B 


-10 


64 


MC-430P 


MCOM-43 


2000 x 8 
UV EPROM 


96x4 


35 


PMOS 


O.D. 


G 


-10 


42 


MPD7500 


MPD7500 Series 


External 


256x4 


46 


CMOS 


O.D. 


C 


+2.7 to 5.5 


64 


MPD7501 


MPD7500 Series 


1024 x 8 


96x4 


24 


CMOS 


O.D. 


D 


+2.7 to 5.5 


64 


MPD7502 


MPD7500 Series 


2048 x 8 


128x4 


23 


CMOS 


O.D. 


D 


+2.7 to 5.5 


64 


MPD7503 


MPD7500 Series 


4096 x 8 


224x4 


23 


CMOS 


O.D. 


D 


+2.7 to 5.5 


64 


MPD7506 


MPD7500 Series 


1024 x 8 


64x4 


22 


CMOS 


O.D. 




+2.7 to 5.5 


28 


MPD7507 


MPD7500 Series 


2048 x 8 


128 x 4 


32 


CMOS 


O.D. 




+2.7 to 5.5 


40/52 


MPD7508 


MPD7500 Series 


4096 x 8 


224x4 


32 


CMOS 


O.D. 




+2.7 to 5.5 


40/52 


MPD7508A 


MPD7500 Series 


4096 x 8 


208x4 


32 


CMOS 


O.D. 


A 


+2.7 to 5.5 


40 


MPD7519 


MPD7500 Series 


4096 x 8 


256x4 


28 


CMOS 


O.D. 


F 


+2.7 to 5.5 


64 


MPD7520 


MPD7500 Series 


768x8 


48 x 4 


24 


PMOS 


O.D. 


E 


-6 to -10 


28 



Notes: A = -35V VF Display Drive 

B =mCOM-4 Evaluation Chip 

C = MPD750X Evaluation Chip 

D = LCD Controller/Driver 

E = LED Display Controller/Driver 

F = VF Display Controller/Driver 

G = Pin-Compatible with mPD546 
O.D.= Open Drain 
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MICROCOMPUTER SELECTION GUIDE 



SINGLE CHIP 8-BIT MICROPROCESSORS 



















SUPPLY 




DEVICE 


SPECIAL FEATURES 


ROM 


RAM 


I/O 


PROCESS 


OUTPUT 


CYCLE 


VOLTAGE 


PINS 


MPD8021 


Zero-Cross Detector 


1024x8 


64x8 


21 


NMOS 


BD 


3.6 MHz 


+5 


28 


MPD8022 


On -Chip A/D Converter 


2048 x 8 


64x8 


26 


NMOS 


BD 


3.6 MHz 


+5 


40 


MPD8035L 


MPD8048 w/External Memory 


External 


64x8 


27 


NMOS 


TS,BD 


6 MHz 


+5 


40 


MPD8039L 


MPD8049 w/External Memory 


External 


128x8 


27 


NMOS 


TS.BD 


11 MHz 


+5 


40 


MPD8041 


Peripheral Interface w/Slave Bus 


1024x8 


64x8 


18 


NMOS 


TS,BD 


6 MHz 


+5 


40 


MPD8041A 


Enhanced mPD8041 


1024x8 


64x8 


18 


NMOS 


TS,BD 


6 MHz 


+5 


40 


MPD8048 


Expansion Bus 


1024x8 


64x8 


27 


NMOS 


TS.BD 


6 MHz 


+5 


40 


MPD8049 


High Speed mPD8048 


2048 x 8 


128x8 


27 


NMOS 


TS,BD 


11 MHz 


+5 


40 


MPD8741A 


UV.EPROMmPD8041A 


1024x8 


64x8 


18 


NMOS 


TS.BD 


6 MHz 


+5 


40 


MPD8748 


UVrEPROM MPD8048 


1024x8 


64x8 


27 


NMOS 


TS.BD 


6 MHz 


+5 


40 


MPD80C35 


CMOS 8035 


External 


64x8 


27 


CMOS 


TS.BD 


6MHz 


+2.7 to 5.5 


40 


MPD80C48 


CMOS 8048 


1024x8 


64x8 


27 


CMOS 


TS.BD 


6 MHz 


+2.7 to 5.5 


40 


MPD80C39 


CMOS 8039 


External 


128x8 


27 


CMOS 


TS.BD 


6 MHz 


+2.7 to 5.5 


40 


MPD80C49 


CMOS 8049 


2048x8 


128x8 


27 


CMOS 


TS.BD 


6 MHz 


+2.7 to 5.5 


40 


MPD7800 


Development Chip 


External 


128x8 


48 


NMOS 


TS.BD 


4 MHz 


+5 


64 


MPD7801 


8080 Expansion Bus 

64K Memory Address Space 


4096 x 8 


128x8 


48 


NMOS 


TS.BD 


4 MHz 


+5 


64 


MPD7802 


Expanded /uPD7801 


6144x8 


64x8 


48 


NMOS 


TS.BD 


4 MHz 


+5 


64 


/nPD78C05 


CMOS Microprocessor 


External 


128x8 


46 


CMOS 


TS.BD 


4 MHz 


+5 


64 


MPD78C06 


CMOS Microcomputer 


4096 x 8 


128x8 


46 


CMOS 


TS.BD 


4MHz 


+5 


64 


MPD7810 


Powerful Microprocessor 


External 


256 x 8 


44 


NMOS 


TS.BD 


10MHz 


+5 


64 


MPD7811 


8 Channel A/D 


4096 x 8 


1 28 x 8 


44 


NMOS 


TS.BD 


10MHz 


+5 


64 




MICROPROCESSORS 















SUPPLY 




DEVICE 


PRODUCT 


SIZE 


PROCESS 


OUTPUT 


CYCLE 


VOLTAGES 


PINS 


MPD780 


Microprocessor 


8-bit 


NMOS 


3-State 


4.0 MHz 


+5 


40 


MPD8080AF 


Microprocessor 


8-bit 


NMOS 


3-State 


2.0 MHz 


+12 ±5 


40 


MPD8080AF-2 


Microprocessor 


8-bit 


NMOS 


3 -State 


2.5 MHz 


+12 ±5 


40 


MPD8080AF-1 


Microprocessor 


8-bit 


NMOS 


3-State 


3.0 MHz 


+12 ± 5 


40 


/iPD8085A 


Microprocessor 


8-bit 


NMOS 


3-State 


3.0 MHz 


+5 


40 


/JPD8085A-2 


Microprocessor 


8-bit 


NMOS 


3-State 


5.0 MHz 


+5 


40 


MPD8086 


Microprocessor 


1 6-bit 


NMOS 


3-State 


5.0 MHz 


+5 


40 
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MICROCOMPUTER SELECTION GUIDE 



SYSTEM SUPPORT 



DEVICE 


PRODUCT 


SIZE 


PROCESS 


OUTPUT 


CYCLE 


SUPPLY 
VOLTAGES 


PINS 


MPD765AC 


Double Sided/Double Density 
Floppy Disk Controller 


8-bit 


NMOS 


3-State 


8 MHz 


+5 


40 


MPD781 


Dot Matrix Printer 
Controller-Epson 500 Printer 


8-bit 


NMOS 


3-State 


6 MHz 


+5 


40 


MPD782 


Dot Matrix Printer 
Controller-Epson 200 Printer 


8-bit 


NMOS 


3-State 


6 MHz 


+5 


40 


MPD7001 


8-Bit A/D Converter 


8-bit 


CMOS 


Open 

Collector 

Serial 


10 kHz 

Conversion 

Time 


+5 


16 


MPD7002 


10-Bit A/D Converter 


8-bit 


CMOS 


3-State 


400 Hz 

Conversion 

Time 


+5 


28 


MPD7201 


Multi-Protocol Serial 
Controller 


8-bit 


NMOS 


3-State 


4 MHz 


+5 


40 


MPD7210 


IEEE Controller (Talker, 
Listener, Controller) 


8-bit 


NMOS 


3-State 


8 MHz 


+5 


40 


MPD7220 


Color Graphic Display 
Controller 


8-bit 


NMOS 


3-State 


5 MHz 


+5 


40 


MPD7225 


Alpha Numeric LCD 
Controller/Driver 


8-bit 


CMOS 


- 


— 


2.7 to 5.5 


52 


MPD7227 


Dot Matrix LCD 
Controller/Driver 


8-bit 


CMOS 


- 


— 


2.7 to 5.5 


64 


MPD7720 


Signal Processor 


16-bit 


NMOS 


3-State 


8 MHz 


+5 


28 


MPD8155 


256 x 8 RAM with I/O Ports 
and Timer 


8-bit 


NMOS 


3-State 


— 


+5 


40 


MPD8155-2 


256 x 8 RAM with I/O Ports 
and Timer 


8-bit 


NMOS 


3-State 


— 


+5 


40 


MPD8156 


256 x 8 RAM with I/O Ports 
and Timer 


8-bit 


NMOS 


3-State 


— 


+5 


40 


MPD8156-2 


256 x 8 RAM with I/O Ports 
and Timer 


8-bit 


NMOS 


3-State 


— 


+5 


40 


MPB8212 


I/O Port 


8-bit 


Bipolar 


3-State 


- 


+5 


24 


;uPB8214 


Priority Interrupt Controller 


3-bit 


Bipolar 


Open 
Collector 


3 MHz 


+5 


24 


MPB8216 


Bus Driver Non-Inverting 


4-bit 


Bipolar 


3-State 


- 


+5 


16 


MPB8224 


Clock Generator Driver 


2 phase 


Bipolar 


High Level 
Clock 


3 MHz 


+12 + 5 


16 


MPB8226 


Bus Driver Inverting 


4-bit 


Bipolar 


3-State 


- 


+5 


16 


MPB8228 


System Controller 


8-bit 


Bipolar 


3-State 


- 


+5 


28 


MPD8243 


I/O Expander 


4x4 bits 


NMOS 


3-State 


-. 


+5 


24 


MPD8251 


Programmable Communications 
Interface (Async/Sync) 


8-bit 


NMOS 


3-State 


A-9.6K baud 
S-56K baud 


+5 


28 


MPD825,1A 


Programmable Communications 
Interface (Async/Sync) 


8-bit 


NMOS 


3-State 


A-9.6K baud 
S-64K baud 


+5 


28 


MPD8253-5 


Programmable Timer 


8-bit 


NMOS 


3-State 


4.0 MHz 


+5 


24 


MPD8255A-5 


Peripheral Interface 


8-bit 


NMOS 


3-State 


- 


+5 


40 


MPD8257-5 


Programmable DMA Controller 


8-bit 


NMOS 


3-State 


4 MHz 


+5 


40 


MPD8279-5 


Programmable Keyboard/ 
Display Interface 


8-bit 


NMOS 


3-State 


— 


+5 


40 


MPB8282/ 
8283 


8-Bit Latches 




Bipolar 


3-State 


5 MHz 


+5 


20 


MPB8284 


Clock Driver 




Bipolar 


3-State 


5 MHz 


+5 


18 


MPB8286/ 
8287 


8-Bit Bus Transceivers 




Bipolar 


3-State 


5 MHz 


+5 


20 


MPB8288 


Bus Controller 




Bipolar 


3-State 


5 MHz 


+5 


20 


MPD8355 


2048 x 8 ROM with I/O Ports 


8-bit 


NMOS 


3-State 


- 


+5 


40 


MPD8755A 


2048 x 8 EPROM with 
I/O Ports 


8-bit 


NMOS 


3-State 




+5 


40 
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SEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



MICROCOMPUTER ALTERNATE SOURCE GUIDE 



MANUFACTURER 


PART NUMBER 


DESCRIPTION 


NEC REPLACEMENT 


AMD 


AM8080A/9080A 


Microprocessor (2.0 MHz) 


/iPD8080AF 




AM8080A-2/9080A-2 


Microprocessor (2.5 MHz) 


MPD8080AF-2 




AM8080A-1/9080A-1 


Microprocessor (3.0 MHz) 


A«PD8080AF-1 




AM8085A 


Microprocessor (3.0 MHz) 


MPD8085A 




AM8155 


Programmable Peripheral Interface 
with 256x8 RAM 


JUPD8155 




AM8156 


Programmable Peripheral Interface 
with 256x8 RAM 


/IPD8156 




AM8212 


I/O Port (8-Bit) 


/IPB8212 




AM8214 


Priority Interrupt Controller 


MPB8214 




AM8216 


Bus Driver, Inverting 


A1PB8216 




AM8224 


Clock Generator/Driver 


//PB8224 




AM8226 


Bus Driver, Non-Inverting 


MPB8226 




AM8228 


System Controller 


/IPB8228 




AM8251 


Programmable Communications 
I nterface 


MPD8251 




AM8255 


Programmable Peripheral Interface 


IUPD8255 




AM8257 


Programmable DMA Controller 


MPD8257 




AM8355 


Programmable Peripheral Interface 
with 2048 x 8 ROM 


juPD8355 




AM8048 


Single Chip Microcomputer 


juPD8048 


INTEL 


8080A 


Microprocessor (2.0 MHz) 


juPD8080AF 




8080A-2 


Microprocessor (2.5 MHz) 


MPD8080AF-2 




8080 A- 1 


Microprocessor (3.0 MHz) 


MPD8080AF-1 




8021 


Microcomputer with ROM 


/iPD8021 




8022 


Microcomputer with A/D Converter 


/iPD8022 




8035L 


Microprocessor 


AIPD8035L 




8039L 


Microprocessor 


//PD8039L 




8041 A 


Programmable Peripheral Controller 
with ROM 


A1PD8041A 




8048 


Microcomputer with ROM 


MPD8048 




8049 


Microcomputer with ROM 


IUPD8049 




8085A 


Microprocessor (3.0 MHz) 


A1PD8085A 




8085A-2 


Microprocessor (5.0 MHz) 


/iPD8085A-2 




8086 


Microprocessor (16-Bit) 


/1PD8O86 




8155/8155-2 


Programmable Peripheral Interface 
with 256 x 8 RAM 


/iPD81 55/81 55-2 




8156/8156-2 


Programmable Peripheral Interface 
with 256 x 8 RAM 


AiPD81 56/81 56-2 




8212 


I/O Port (8-Bit) 


MPB8212 




8214 


Priority Interrupt Controller 


//PB8214 




8216 


Bus Driver, Non-Inverting 


/iPB8216 




8224 


Clock Generator/Driver 


MPB8224 




8226 


Bus Driver, Inverting 


//PB8226 




8228 


System Controller 


/iPB8228 




8243 


I/O Expander 


//PD8243 




8251 


Programmable Communications 
Interface (Async/Sync) 


MPD8251 
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SEC 

NEC Electronics USA Inc. 

Microcomputer Division 



MICROCOMPUTER ALTERNATE SOURCE GUIDE 



MANUFACTURER 


PART NUMBER 


DESCRIPTION 


NEC REPLACEMENT 


INTEL (CONT.) 


8251A 


Programmable Communications 
Interface (Async/Sync) 


MPD8251A 




8253-5 


Programmable Timer 


MPD8253-5 




8255A-5 


Programmable Peripheral Interface 


MPD8255A-5 




8257-5 


Programmable DMA Controller 


MPD8257-5 




8259A 


Programmable Interrupt Controller 


MPD8259A 




8272 


Double Sided/Double Density 
Floppy Disk Controller 


MPD765 




8279-5 


Programmable Keyboard/Display 
Interface 


MPD8279-5 




8282/8283 


8-Bit Latches 


MPB8282/8283 




8284 


Clock Driver 


MPB8284 




8286/8287 


8-Bit Transceivers 


MPB8286/8287 




8288 


Bus Controller 


MPB8288 




8355 


Programmable Peripheral Interface 
with 2048 x 8 ROM 


MPD8355 




8741 A 


Programmable Peripheral Controller 
with EPROM 


MPD8741A 




8748 


Microcomputer with EPROM 


MPD8748 




8755A 


Programmable Peripheral Interface 
with 2Kx8EPROM 


MPD8755A 




8274 


Multiprotocol Serial Controller 


MPD7201 




INS8048 


Microcomputer with ROM 


juPD8048 




INS8049 


Microcomputer with ROM 


MPD8049 


NATIONAL 


INS8080A 


Microprocessor (2.0 MHz) 


MPD8080AF 




INS8080A-2 


Microprocessor (2.5 MHz) 


MPD8080AF-2 




INS8080A-1 


Microprocessor (3.0 MHz) 


MPD8080AF-1 




8212 


I/O Port (8-Bit) 


MPB8212 




8214 


Priority Interrupt Controller 


MPB8214 




8216 


Bus Driver, Non-Inverting 


MPB8216 




8224 


Clock Generator/Driver 


MPB8224 




8226 


Bus Driver, Inverting 


MPB8226 




8228 


System Controller 


MPB8228 




INS8251 


Programmable Communications 
Interface 


MPD8251A 




INS8253 


Programmable Timer 


MPD8253-5 




INS8255 


Programmable Peripheral Interface 


MPD8255A-5 




INS8257 


Programmable DMA Controller 


MPD8257-5 




INS8259 


Programmable Interrupt Controller 


juPD8259A 


T.I. 


TMS8080A 


Microprocessor (2.0 MHz) 


MPD8080AF 




TMS8080A-2 


Microprocessor (2.5 MHz) 


MPD8080AF-2 




TMS8080A-1 


Microprocessor (3.0 MHz) 


MPD8080AF-1 




SN74S412 


I/O Port (8-Bit) 


MPB8212 




SN74LS424 


Clock Generator/Driver 


MPB8224 




SN74S428 


System Controller 


MPB8228 
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HEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



ROM-BASED PRODUCTS ORDERING PROCEDURE 

The following NEC products fall under the guidelines set by the ROM-Based Products Ordering Procedure: 



MPD7801 


MPD80C49 


MPD554 


MPD7506 


MPD7802 


MPD8355 


MPD554L 


AtPD7507 


MPD7811 


MPD546 


MPD557L 


MPD7507S 


MPD8021 


MPD547 


MPD650 


MPD7508 


MPD8022 


MPD547L 


MPD651 


MPD7508A 


MPD8041A 


MPD550 


MPD652 


MPD7519 


/XPD8048 


MPD550L 


MPD7501 


MPD7520 


MPD80C48 


MPD552 


MPD7502 


MPD7720 


MPD8049 


JUPD553 


MPD7503 





E 



NEC Electronics U.S.A., Inc., Microcomputer Division is able to accept mask patterns in a variety of formats to facilitate 
the transferral of ROM mask information. These are intended to suit various customer needs and minimize the turnaround 
time. Always enclose a listing of the code and the code submittal form. The following is a list of valid media for code 
transferral. 

• PROM/EPROM equivalent to ROM parts 

• Sample ROMs or ROM-based microcomputers 

• Paper Tape 

• Timesharing Files 

• ISIS-I I compatible disks 

• Other (Contact NEC Electronics U.S.A., Inc., Microcomputer Division for arrangements.) 

Thoroughly tested verification procedures protect against unnecessary delays or costly mistakes. NEC Electronics U.S.A., 
Inc., Microcomputer Division will return the ROM mask patterns to the customer in the most convenient format. 
Unprogrammed EPROMs, if sent with the ROM code, can be programmed and returned for verification. 

Earth satellites and the world-wide GE Mark III timesharing systems provide reliable and instant communication of ROM 
patterns to the factory. Customers with access to GE-TSS may further reduce the turnaround time by transferring files 
directly to NEC Electronics U.S.A., Inc., Microcomputer Division. 

The following is an example of a ROM mask transferral procedure. The juPD8048 is used here; however, the process is the 
same for the other ROM-based products. 

1. The customer contacts NEC Electronics U.S.A., Inc., Microcomputer Division's Sales Representative, concerning 
a ROM pattern for the juPD8048 that he would like to send. 

2. Since an EPROM version of that part is available, the /iPD8748 is proposed as a code transferral medium, or a 
paper tape and listing may be used. 

3. Two programmed /uPD8748's are sent to NEC Electronics U.S.A., Inc., Microcomputer Division with a listing, a 
code submittal form, and a paper tape as back-up. 

4. NEC Electronics U.S.A., Inc., Microcomputer Division compares the media provided and enters the code into 
GS-TSS. The GE-TSS file is accessed at the NEC factory and a copy of the code is returned to NEC Electronics 
U.S.A., Inc., Microcomputer Division for verification. One of the/iPD8748's is erased and reprogrammed with the 
customer's code as the NEC factory has it. Both juPD8748's and a listing are returned to the customer for his final 
verification. 

5. Once the customer notifies NEC Electronics U.S.A., Inc., Microcomputer Division in writing that the code is 
verified and provides the mask charge and hard copy of the purchase order, work begins immediately on 
developing his /iPD8048's. 

Please contact your local Sales Representative for assistance with all ROM-based product orders, Mask Programmed ROM 
products other than those listed above are marketed by Electronic Arrays Division; refer to Section 5 for Electronic Arrays' 
ordering procedures. 



NOTES 
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NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



MEMORIES RANDOM ACCESS MEMORIES g] 



NEC 

NEC Electronics US. A. Inc. 

Microcomputer Division 



/iPD416 

jiPD416-1 

/iPD416-2 

,iPD416-3 

/iPD416-5 



16384 x 1 BIT DYNAMIC MOS 
RANDOM ACCESS MEMORY 



DESCRIPTION 



FEATURES 



PIN CONFIGURATION 



The NEC juPD41 6 is a 1 6384 words by 1 bit Dynamic MOS RAM. It is designed for 
memory applications where very low cost and large bit storage are important design 
objectives. 

The /iPD416 is fabricated using a double-poly-layer N channel silicon gate process 
which affords high storage cell density and high performance. The use of dynamic 
circuitry throughout, including the sense amplifiers, assures minimal power dissipation. 

Multiplexed address inputs permit the /UPD416 to be packaged in the standard 16 pin 
dual-in-line package. The 1 6 pin package provides the highest system bit densities and 
is available in either ceramic or plastic. Noncritical clock timing requirements allow 
use of the multiplexing technique while maintaining high performance. 

16384 Words x 1 Bit Organization 

High Memory Density — 1 6 Pin Ceramic and Plastic Packages 

Multiplexed Address Inputs 

Standard Power Supplies +1 2V, -5V, +5V 

Low Power Dissipation; 46 2 mW Active (MAX), 20 mW Standby (MAX) 

Output Data Contr olled by CAS and Unlatched at End of Cycle 

Read-Modify-Write, RAS-only Refresh, and Page Mode Capability 

All Inputs. TTL Compatible, and Low Capacitance 

128 Refresh Cycles 

5 Performance Ranges: 



E 





ACCESS TIME 


R/W CYCLE 


RMW CYCLE 


MPD416 


300 ns 


510 ns 


575 ns 


MPD416-1 


250 ns 


410 ns 


465 ns 


MPD416-2 


200 ns 


375 ns 


375 ns 


MPD416-3 


150 ns 


320 ns 


320 ns 


MPD41 6-5 


120 ns ... 


320 ns 


320 ns 



VBB 


C 


1 


16 


3 v ss 


D|N 


E 


2 


15 


3 CAS 


WRITE L 


3 


14 


3 DOUT 


RAS 


C 


4 


H?D 13 


3 A 6 


A 


C 


5 


416. 12 


3 A3 


A 2 


C 


6 


11 


3 A4 


A1 


c 


7 


10 


3 a 5 


VDD 


c 


8 


9 


3 v cc 



A.Q-A6 


Address Inputs 


CAS 


Column Address Strobe 


D|N 


Data In 


DOUT 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write 


VBB 


Power (-5V) 


vcc 


Power (+5V) 


VDD 


Power (+12V) 


vss 


Ground 



Rev/3 
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f/PD416 



BLOCK 
DIAGRAM 




Operating Temperature 0°C to +70°C 

Storage Temperature ... . . -55°Cto +150°C 

All Output Voltages © -0-5 to +20 Volts 

All Input Voltages © -0.5 to +20 Volts 

Supply Voltages Vqd. VcC- Vss © -0- 5 t0 +20 Volts 

Supply Voltages Vdd- v CC ® -1 .0 to +15 Volts 

Short Circuit Output Current 50 mA 

Power Dissipation 1 Watt 

Notes: © Relative to Vbb 
Q) Relative to V$S 
T a = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

T a = 0°C to 70°C, Vqd = +12V ± 10%, Vbb = -5V ± 10%, V C c = +5V ± 10%, 

vss = ov 



ABSOLUTE MAXIMUM 
RATINGS* 



CAPACITANCE 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 
(Arj-A6), D|N 


cn 




4 


5 


pF 




Input Capacitance 
RAS, CAS, WRITE 


CI2 




8 


10 


pF 




Output Capacitance 

(Dqut) 


CO 




5 


7 


pF 
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//PD416 



DC CHARACTERISTICS 



T a = 0°C 


to +7O°C0, V DD = H2V ± 


10%, v cc 


= +5V i 


1 0%, V B 


B= -5V 


± 1 0%, V SS = 0V 


PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Supply Voltage 


vdd 


10.8 


12.0 


13.2 


V 


© 


Supply Voltage 


v ec 


4.5 


5.0 


5.5 


V 


© ® 


Supply Voltage 


v S s 











V 


© 


Supply Voltage 


v B b 


- 4.5 


-5.0 


-5.5 


V 


© 


Input High (Logic 1) 
Voltage, RAS, CAS, 
WRITE 


V|HC 


2.7 




7.0 


V 


© 


Input High (Logic 1 ) 
Voltage, all inputs 
except RAS, CAS 
WRITE 


V|H 


2.4 




7.0 


V 


© 


Input Low (Logic 0) 
Voltage, all inputs 


V| L 


- 1.0 




0.8 


V 


© 


Operating Vprj Current 


Iddi 






35 


mA 


RAS, CAS cycling; 
tRC = IRC Min - © 


Standby Vqq Current 


'DD2 






1.5 


mA 


RAS = V|HC.D0UT 
= High Impedance 


Refresh 

Vdd 

Current 


All Speeds 
except ^PD416-5 


IDD3 






25 


mA 


RAS cycling, CAS - 
V|HC:tRC 375 ns© 


MPD416-5 


!OD3 






27 


rnA 


Page Mode Vqq 
Current 


IDD4 






27 


mA 


RAS = V| L , CAS 
cycling; tpc 
225 ns© 


Operating Vqq 
Current 


'CC.1 








n*\ 


RAS, CAS cycling. 
t RC 375ns© 


Standby Vcc Current 


'CC2 


-10 




10 
10 


M A 


RAS= V,HC. 
DOUT = H '9 h 
Impedance 


Refresh Vq£ Current 


'CC3 


-10 




JiA 


RAS cycling, 
CA3 V|HC- 
t R C 375 ns 


Page Mode Vqq 
Current 


'CC4 








pA 


RAS V||_. CAS 
cycling, tpc 
225 ns© 


Operating Vgg 
Current 


'BB1 






200 


nA 


RAS, CAS cycling. 
tRC 375 ns 


Standby VfjB 
Current 


! BB2 






100 


juA 


RAS V,HC. 
DOUT H "l h 
Impedance 


Refresh Vgg 
Current 


'BBS 






200 


»A 


RAS cycling, 
CAS - Vihc: 
tRC "- 375 ns 


Page Mode Vgg 
Current 


l BB4 






200 


MA 


RAS - V| L , CAS 

cycling; 

tpc - 225 ns 


Input Leakage 
(any input) 


'l(L) 


-10 




10 


nA 


V B B = 5V.0V *: 
V| N s, +7V, 
all other pins not 
under test = 0V 


Output Leakage 


'O(L) 


-10 




10 


MA 


DquT is disabled, 
0V < VquT * +5.5V 


Output High Voltage 
(Logic 1) 


VOH 


2.4 






V 


'OUT " -5 mA© 


Output Low Voltage 
( Logic 0) 


vol 






0.4 


V 


IQUT = 4 -2 mA 



Notes: (T) T a is specified herefor operation at frequencies to tpc ^ *RC ( min '' Operation at higher cycle rates with reduced 

ambient temperatures and high power dissipation is permissible, however, provided AC operating parameters are met. 
See Figure 1 for derating curve. 

SAM voltages referenced to Vgg. 
Output voltage will swing from Vss to Vcc wnen activated with no current loading. For purposes of maintaining 
data in standby mode, Vqc rnay'be reduced to Vgs without affecting refresh operations or data retention. However, 
the Vqh ( m in) specification is not guaranteed in this mode. 
© 'DD1' f DD3' a nd l'DD4 depend on cycle rate. See Figures 2, 3 and 4 for Iqd limits at other cycle rates. 
(&) Icci a nd 'CC4 depend upon output loading. During readout of high level data Vcc is connected through a low 
' ■ ' ell?"" ■ ' ' * '■ 



npedance (1 3512 typ) to data < 



I other times Ice consists of leakage < 



nts only. 
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fxPD416 



AC 
CHARACTERISTICS 



T a -0°Cto+70°C, V DD 


- +12V± 10%. Vcc 


- +BV t 10%, VflB 


--5V1 10%, Vss-OV 














PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


ji_PD4le 


pPD4161 


0PD416-2 


U.PD416-3 


KPD416 5 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Random read or write 
cycle time 


<RC 


510 




410 




375 




320 




320 




ns 


® 


Read-write cycle time 


'RWC 


57B 




465 




375 




375 




320 




ns 


® 


Page mode cycle time 


■PC 


330 




275 




225 




170 




160 




ns 




Access tiine from 
RAS 


<RAC 




300 




250 




200 




150 




120 


n, 


© © 


Access time from 
CAS 


<CAC 




200 




165 




136 




100 




80 


ns 


© ® 


Output buffer 
turn-off delay 


'OFF 





80 





60 





50 





40 





35 


ns 


© 


Transition time 
(rise end fall) 


•T 


3 


50 


3 


50 


3 


50 


3 


35 


3 


35 


ns 


® 


RAS precharge time 


'RP 


200 




150 




120 




100 




100 




n 8 




RAS pulse width 


<RAS 


300 


10.000 


250 


10,000 


200 


32,000 


150 


32,000 


120 


10.000 


ns 




R"a5 hold time 


'RSH 


200 




165 




135 




100 




80 




ns 




CAS pulse width 


•CAS 


200 


10,000 


165 


10,000 


135 


10,000 


100 


10,000 


80 


10,000 


ns 




HATto 'CSTdelay 


<RCD 


40 


100 


35 


85 


25 


65 


20 


50 


15 


40 


ns 


® 


CASto HAS 
precharge time 


<CRP 


-20 




-20 




-20 




-20 









n, 




Row address 
set-uptime 


'ASR 



























ns 




Row address 
hold time 


«RAH 


40 




35 




25 




20 




15 




ns 




Column address 
set-up time 


'ASC 


-10 




-10 




-10 




-10 




-10 




ns 




Column address 
hold time 


<CAH 


90 




75 




55 




45 




40 




ns 




Column address hold 
time referenced to 
RAS 


<AR 


190 




160 




120 




95 




80 




ns 




Read command 
set-uptime 


<RCS 



























ns 




Read command 
hold time 


<RCH 



























ns 




Write command 
hold time 


'WCH 


90 




75 




55 




45 




40 




ns 




Write command 
hold time 
referenced to RAS 


'WCR 


190 




160 




120 




95 




80 




ns 




Write command 
pulse width 


'WP 


90 




75 




55 




45 




40 




ns 




Write command to 
RAS lead time 


'RWL 


120 




85 




70 




50 




50 




ns 




Write command to 
CAS lead time 


'CWL 


120 




85 




70 




50 




60 




ns 




Dete-in set-up time 


<DS 



























ns 


® 


Data-in hold time 


tDH 


90 




75 




55 




45 




40 




ns 


® 


Data-in hold time 
referenced to RAS 


«DHR 


190 




160 




120 




95 




80 




ns 




CAS precharge time 
(for page mode 
cycle only) 


'CP 


120 




100 




80 




60 




60 




ns 




Refresh period 


'REF 




2 




2 




2 




2 




2 


ms 




WRITE command 
set-up time 


<WCS 


-20 




-20 




20 




20 









ns 


® 


CAS to WRITE 


'CWD 


140 




125 




95 




70 




80 




ns 


® 


RAS to WRITE 


<RWD 


240 




200 




160 




120 




120 




ns 


® 



© ACr 

(D V IHC (rnin > or V IH <min) and V||_ (max) are reference levels for 

(3) The specifications for tRc (min) and tRwc (min) are uset * on| V t' 



leasuring timing of input signals. Also, trans 
indicate cycle time at which proper operatic 



mes are measured between V|HC or V 
r the full temperature range (0"C < T ; 



(Hand V| L 
< 70° C) 



■ ,f l RCD ,s 9 f eater than the r 



Assumes that tRCD < tRCD (l 

exceeds the values shown. 
(5) Assumes that tRCD > ! RCD (max). 

(§) Measured with a load equivalent to 2 TTL loads and 100 pF. 
(7) tQpp (max) defines the time at which the output achieves the open circu 
(D Operation within the tRCD (max) limit ensures that tRAC (max) can be 

tRCD ( ma x) limit, then access time is controlled exclusively by tfj^C 
(|) These parameters are referenced to CAS leading edge in early write cycle 
O l WCS' ! CWD and l RWD are not restrictive operating parameters. They ar 

is an early write cycle and the data out pin will remain open circuit (high impedance! > tRWD (min), the cycle is a read 

read from the selected cell; if neither of the above sets of conditions is satisfied the condition of the data out (at access 



1 recommended \ 



t condition ai 



shown in this toble, tRAC wi " ' 



not referenced to output voltage levels. 

is specified as a reference point only, if tRCD is greater than t 



d to WRITE leading edge in delayed write 
eluded in the data sheet as electrical chan 
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DERATING CURVES 



CYCLE TIME t, 



(ns) 



1000 



500 400 



£ 70. 



50 



II I I I 



iT. (MAX) 



375 



320 

300 250 
J 



1.0 2.0 3.0 , 4.0 

CYCLE RATE (MHz) = 10 3 /tR C <ns) 

FIGURE 1 

Maximum ambient temperature versus cycle 
rate for extended frequency operation. T a 
(max) for operation at cycling rates greater 
than 2.66 MHz (t CY c < 375 ns > is deter- 
mined by T a (max) [°C] = 70 - 9.0 x 
(cycle rate [MHz] -2.66). For ;uPD41 6-5, 
it is T a (max) [°C] = 70 - 9.0 (cycle rate 
[MHz] -3.125). 



50 mA. 



40 mA 



fiPD416 



CYCLE TIME t RC (ns) 
320 



1000 



500 400 






/ 



1 1 1 i 



SPEC LIMIT 



<6*V 



300 250 



MPD416-5 
/ 






*1£- 






*y v 






/ 



/ 



1.0 2.0 3.0 4.0 

CYCLE RATE (MHz) = 10 3 /t RC (ns) 

FIGURE 2 

Maximum I dd1 versus cycle rate for device 
operation at extended frequencies. 



E 



CYCLE TIME t RC (ns) 



1000 500 400 
II I I I I t_ 



SPEC LIMIT 



320 

300 250 



S*. 












MPD416-! 






CYCLE TIME t PC (ns) 
1000 500 400 300 250 200 160 



1.0 2.0 3.0 4.0 

CYCLE RATE (MHz) = 10 3 /t RC (ns) 

FIGURE 3 

Maximum Iqd3 versus cycle rate for device 
operation at extended frequencies. 
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CYCLE RATE (MHz) = 10 3 /t RC (ns) 

FIGURE 4 

Maximum Iqo4 versus cycle rate for device 
operation in page mode. 
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I*PD416 



ADDRESSES 



aDORESSES 



READ CYCLE 



\ 



'q; 



'rcs [""""" 



RSH - 
'CAS " 



A \ 



:a 



-'rac - 

— OPEN- 



CH )-"— 



(VALID *L 
DATA jf 



WRITE CYCLE 



V 



W 



,f \ 



I 



1z 



r 



TIMING WAVEFORMS 



1 



READ-WRITE/READ-MODIFY-WRITE CYCLE 




: wzlww 



': •ii/i//ii/iiiiiiiiiii//i/ii/iii/iiiiii/////ii/int is 
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TIMING WAVEFORMS 
(CONT.) 



"RAS-ONLY" REFRESH CYCLE 



\ 



/ 



fiPD416 



^ 



I;;; y///m////^^ 



Nou: CAS = V 1L ,_, WRITE » Don'l Care 



PAGE MODE READ CYCLE 



ihcp" h - 'cas— -l — -'cas— r 




I ADO i 

,U- 



■ HAC* 
-OPEN- 



" . L '. j 1 

ncs- 1 — | r- — 'rch-— l[— — 

«™ :zwmw w 
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PAGE MODE WRITE CYCLE 
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fiPD416 



The 14 address bits required to decode 1 of 16,384 bit locations are multiplexed onto 
the 7 address pins and then latched on the chip with the use of the Row Address 
Strobe (RAS), and the Column Address Strobe (CAS). The 7 bit row address is first 
applied and RAS is then brought low. After the RAS hold time has elapsed, the 7 bit 
column address is applied and CAS is brought low. Since the column address is not 
needed internally until a time of tQpp MAX after the r ow a ddress, this multiplexing 
operation imposes no penalty on access time as long as CAS is applied no later than 
t CRD MAX. If this time is exceeded, access time will be defined from CAS instead of 
RAS. 



ADDRESSING 



For a write operation, the input data is latched on the chi p by the negative going 
edge of WRITE or CAS, whichever occurs later. If WRITE is active before CAS, this 
is an "early WRITE" cycle and data out will remain in the high impedance state 
throughout the cycle. For a READ, WRITE, OR READ-MODIFY-WRITE cycle, the 
data output will contain the data in the selected cel l aft er the access time. Data out 
will assume the high impedance state anytime that CAS goes high. 



DATA I/O 



The page mode feature allows the /uPD416 to be read or written at multiple column 
addresses for the same row address. This is accomplished by maintaining a low on RAS 
and strobing the new column addresses with CAS. This eliminates the setup and hold 
times for the row address resulting in faster operation. 



PAGE MODE 



Refresh of the memory matrix is accomplished by performing a memory cycle at each 
of the 128 row addresses every 2 milliseconds or less. Because data out is not latched, 
"RAS only" cycles can be used for simple refreshing operation. 



REFRESH 



Either RAS and/or CAS can be decoded for chip select function. Unselected chip 
outputs will remain in the high impedance state. 



CHIP SELECTION 



In order to assure longcerm reliability, Vng should be applied first during power 
up and removed last during power down. 



POWER SEQUENCING 
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PACKAGE OUTLINES 
MPD416C 
PLASTIC 



fiPD416 




o-i5° -fc-i y«- 



Plastic 



MPD416D 
CERAMIC 



ITEM 


MILLIMETERS 


INCHES 


A 


19.4 MAX 


0.76 MAX 


B 


0.81 


0.03 


C 


2.84 


0.10 


D 


0.5 


0.02 


E 


17.78 


0.70 


F 


1.3 


0.081 


G 


2.54 MIN 


0.10MIN 


H 


0.6 MIN 


0.02 MIN 


I 


4.06 MAX 


0.16 MAX 


J 


4.55 MAX 


0.18 MAX 


K 


7.62 


0.30 


L 


6.4 


0.2S 


M 


+0.10 
0.25 

0.05 


0.01 



1 



/~\ 



-1 



u 
i j 



I 



E 



■*- -WK r 



0-10°-»- 



h 



Ceramic 



ITEM 


MILLIMETERS 


INCHES 


A 


20.5 MAX. 


0.81 MAX 


B 


1.36 


0.05 


C 


2.54 


0.10 





0.5 


0.02 


E 


17.78 


0.70 


F 


1.3 


0.051 


G 


3.6 MIN 


0.14 MIN 


H 


0.5 MIN 


0.02 MIN 


I 


4.6 MAX 


0.18 MAX 


J 


5.1 MAX 


0.20 MAX 


K 


7.6 


0.30 


L 


7.3 


0.29 


M 


0.27 


0.01 
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PACKAGE OUTLINE 

)LtPD416D 

CERDIP 




Cerdip 



ITEM 


MILLIMETERS 


INCHES 


A 


18.SMAX 


0.784 MAX 


B 


1.06 


0.042 


C 


2.54 


0.10 


D 


0.48 ± 0.10 


0.018 ±0.004 


E 


17.78 


0.70 


F 


1.5 


0.059 


G 


2.64 MIN 


0.10 MIN 


H 


O.S MIN 


0.019 MIN 


1 


4.58 MAX 


0.181 MAX 


J 


5.08 MAX 


0.20 MAX 


K 


7.82 


0.30 


L 


6.4 


0.25 


M 


+0.10 
-O.OB 


+0.0039 

0-0098 „„„,„ 

-0.0019 



416DS-REV3-1-82-CAT 
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M PD41 64-20 
MPD4164-15 
HPD4164-12 



NEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 

65,536 x 1 BIT DYNAMIC 
RANDOM ACCESS MEMORY 

DESCRIPTION The NEC MPD41 64 is a 65,536 words by 1 bit Dynamic N-Channel MOS RAM designed 
to operate from a single +5V power supply. The negative-voltage substrate bias is 
internally generated — its operation is both automatic and transparent. 

The/uPD4164 utilizes a three-poly N-channel silicon gate process which provides high 
storage cell density, high performance and high reliability. 

The juPD4164 uses a single transistor dynamic storage cell and advanced dynamic 
circuitry throughout, including the 512 sense amplifiers, which assures that power 
dissipation is minimized. Refresh characteristics have been chosen to maximize yield 
(low cost to user) while maintaining compatibility between Dynamic RAM generations. 

The ;uPD4164 three-state output is controlled by CAS, independent of RAS . Aft er a 
valid read or read-modify -write cycle, data is held on the output by h olding CAS low. 
The data out pin is returned to the high impedanc e stat e by returning CAS to a high 
state. The juPD416 4 hid den refresh featur e allow s CAS to be held low to maintain 
output data while RAS is used to execute RAS only refresh cycles. 

Refreshing is accomplished by performing RAS only refresh cycles, hidden refresh 
cycles, or normal read or write cycles on the 128 address combinations of An, through 
A6 during a 2 ms period. 

Multiplexed address inputs permit the MPD4164 to be packaged in the standard 16 
pin dual-in-line package. The 16 pin package provides the highest system bit densities 
and is compatible with widely available automated handling equipment. 

FEATURES • High Memory Density 

• Multiplexed Address Inputs 

• Single +5V Supply 

• On Chip Substrate Bias Generator 

• Access Time: MPD4 1 64-20 - 200 ns 

MPD4164-15- 150 ns 
MPD4164-12- 120 ns 

• Read, Write Cycle Time: /^PD41 64-20 - 335 ns 

A/PD4164-15- 270 ns 
MPD4164-12- 260 ns 

• Low Power Dissipation: 250 mW (Active); 28 mW (Standby) 

• Non-Latched Output is Three-State, TTL Compatible 

• Read, Write, Read-Write; Read-Modify-Write, RAS Only Refresh, and Page Mode 
Capability 

• All Inputs TTL Compatible, and Low Input Capacitance 

• 128 Refresh Cycles (Arj-A6 Pins for Refresh Address) 

• CAS Controlled Output Allows Hidden Refresh 

• Available in Both Ceramic and Plastic 16 Pin Packages 
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PIN CONFIGURATION 



NC 


C 


1 




16 


DVss 


D|N 


c 


2 




15 


3 CAS 


WE 


c 


3 




14 


3 D ou 


RAS 


c 


4 


/xPD 


13 


UA 6 


An 


c 


5 


4164 


12 


ZJA 3 


A 2 


c 


6 




11 


Da 4 


Ai 


c 


7 




10 


UA 5 


vcc 


c 


8 




9 


DA 7 










Re 


v/1 
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PIN NAMES 



A -A 7 


Address Inputs 


RAS" 


Row Address Strobe 


CAS 


Column Address Strobe 


WE" 


Write Enable 


D|N 


Data Input 


DOUT 


Data Output 


vcc 


Power Supply (+5V) 


vss 


Ground 


NC 


No Connection 



/iPD4164 

Operating Temperature 0°C to +70°C 

Storage Temperature (Ceramic Package) -55°Cto +150°C 

(Plastic Package) -55°C to +125°C 

Supply Voltages On Any Pin Except VrjC - 1 to +7 Volts © 

Supply Voltage V cc -0.5 to +7 Volts © 

Short Circuit Output Current 50 mA 

Power Dissipation 1 Watt 

Note: © Relative to Vss 

To = 25°C 



ABSOLUTE MAXIMUM 
RATINGS* 



*C0MIV1ENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the. operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

T a = 0°to70°C © ;Vcc = +5V± 10%;Vss =0V 



PARAMETER 






LIMITS 


UNIT 


TEST 
CONDITIONS 


SYMBOL 


MIN 


TYP 


MAX 


Supply Voltage 


vcc 


4.5 


5.0 


5.5 


V 


All Voltages 
Referenced 
to V ss 


vss 











V 


High Level Input Voltage. 
<RAS, CAS.WE) 


V|HC 


2.4 




5.5 


V 


High Level Input Voltage, 
All Inputs Except RAS, 
CAS, WE 


VlH 


2.4 




5.5 


V 


Low Level Input Voltage, 
All Inputs 


V|L 


-2.0 




0.8 


V 


Operating Current 
Average Power Supply 
Operating Current 
RAS, CAS Cycling; 
l RC = l RC (Min.) 


'CC1 


MPD4 164-20 






45 


mA 


© 


MPD4164-15 






50 


MPD4164-12 






55 


Standby Current 
Power Supply Standby 
Current (RAS ■ Vmc. 
DquT = Hi-Impedance) 


>CC2 






5.0 


mA 




Refresh Current 

Average Power Supply 

Current, 

Refresh Mode; 

RAS Cycling, CAS = Vjhc. 

l RC = t RC (Min) 


<CC3 


MPD41 64-20 






35 


mA 


© 


MPD4164-15 






40 


MPD4164-12 






45 


Page Mode Current 

Average Power Supply 

Current, 

Page Mode Operation 

RS5 = V|i_; CAS Cycling 

'PC = l PC (Min.) 


'CC4 


MPD41 64-20 






35 


mA 


© 


MPD4164-15 






40 


MPD4164-12 






45 


Input Leakage Current 
Any Input 

V|N =0 to +5.5 Volts, 
All Other Pins Not 
Under Test = 0V 


'I(L) 


-10 




10 


^A 




Output Leakage Current 
DouT is Disabled, 
VquT = to +5.5 Volts 


'O(L) 


-10 




10 


"A 




Output Levels 
High Level Output 
Voltage (loUT = 5 m A) 
Low Level Output 
Voltage (IquT = 4 - 2 mA > 


V H 


2.4 




vcc 


V 




vol 







0.4 


V 





© T a is specified here for operation at frequencies to tRC > l RC (min). Operation at 
higher cycle rates with reduced ambient temperatures and high power dissipation is 
permissible, however, provided AC operating parameters are met. 

© 'CC1 - 'CC3 anci 'CC4 depend on output loading and cycle rates. Specified rates are 
obtained with the output open. 



DC CHARACTERISTICS 
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AC CHARACTERISTICS 



T„ - 0° to +70" C ® ; V C c " 


+5V ± 10%; 


v ss - ov 


(D© 














PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


PPD4164-20 


MPD4164 15 


MPD4164 12 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Random Read or Write 
Cycle Time 


«RC 


335 




270 




260 




n. 


© 


Read Write Cycle Time 


<RWC 


33B 




270 




260 




ns 


© 


Page Mode Cycle Time 


'PC 


22S 




170 




130 




ns 




Access Time from RAS 


«RAC 




200 




150 




120 


ns 


© © 


Access Time from C~A5 


<CAC 




100 




75 




60 


ns 


© © 


Output Buffer Turn-Off 
Delay 


'OFF 





50 





40 





40 


n, 


© 


Transition Time (Rise and 
Fall) 


'T 


3 


50 


3 


50 


3 


35 


ns 


© 


RAS Precharge Time 


<RP 


120 




100 




90 




ns 




■RAS Pulse Width 


'RAS 


200 


10,000 


150 


10,000 


120 


10.000 


ns 




RAS Hold Time 


«RSH 


100 




75 




60 




ns 




CAS Pulse Width 


'CAS 


100 


10,000 


75 


10,000 


60 


10,000 


ns 




CaS Hold Time 


'CSH 


200 




150 




120 




ns 




RAS to CAS Delay Time 


«RCD 


30 


100 


25 


75 


25 


60 


ns 


© 


CAS to RAS Precharge Time 


'CRP 

















ns 




CAS Precharge Time 


'CPN 


30 




25 




25 




ns 




CAS Precharge Time {For 
Page Mode Cycle Only) 


'CP 


80 




60 




60 




n, 




RAS Precharge CAS Hold 
Time 


'RPC 

















ns 




Row Address Set-Up Time 


«ASR 

















ns 




Row Address Hold Time 


'RAH 


20 




15 




15 




ns 




Column Address Set-Up 
Time 


'ASC 

















ns 




Column Address Hold Time 


<CAH 


55 




45 




35 




ns 




Column Address Hold Time 
Referenced to RAS 


'AR 


120 




95 




95 




ns 




Read Command Set-Up 
Time 


'RCS 

















ns 




Read Command Hold Time 
Referenced to RAS 


■«RRH 


25 




20 




20 




n, 


© 


Read Command Hold Time 


<RCH 

















ns 





Write Command Hold Time 


<WCH 


55 




45 




35 




ns 




Write Command Hold Time 
Referenced to RAS 


'WCR 


120 




95 




95 




ns 




Write Command Pulse Width 


'WP 


55 




45 




35 




ns 




Write Command to RAS 
Lead Time 


'RWL 


55 




45 




45 




ns 




' Write Command to CAS 
Lead Time 


'CWL 


55 




45 




45 




ns 




Data-in Set-Up Time 


<DS 

















ns 


© 


Data-in Hold Time 


'DH 


55 




45 




35 




ns 


w 


Data-in Hold Time 
Referenced to RAS 


'DHR 


120 




95 




96 




ns 




Refresh Period 


'REF 




2 




2 




2 


ms 




WRITE Command Set-Up 
Time 


'WCS 


-10 




-10 




-10 




ns 


& 


CAS to WRITE Delay 


'CWD 


80 




60 




50 




ns 


© 


RAS to WRITE Delay 


<RWD 


145 




110 




110 




ns 


@ 



B 



Notes: ® 



© AC measurements assume tf - 5 ns. 

® V IHC (mln)or V|h (mln) and V|j_ (mBx)are reference levels for measuring timing of Input signals. Also, transition 

times are measured between V|HC or V|H Bnd V|L> 
® The specifications for tRc (mln) and tRWC (nnln) are used only to Indicate cycle times at which proper operation over 

the full temperature range (0°C < T 8 < 70 C) Is assured. 
@ Assumes that tpcS ** l RCD (max)- If tRCS I s greater than the maximum recommended value shown In this table, 

*RAC w '" Increase by the amount that tRCD exceeds the values shown, 
<2) Assumes that tRCD > tRCD (max). 

(§) Measured with a load equivalent to 2 TTL loads and 100 pF. 
® tOFF (mex) defines the time at which the output achieves the open circuit condition and Is not referenced to output 

voltage levels. 
© Operation within the tRCD (max) limit ensures that tR/\c (max) can be met, tRCD (max) Is specified as a reference 

point only. If tR(;o Is greater than the specified tRCD (max) limit, then access time Is controlled exclusively by t£AC- 
(Q> These parameters are referenced to CAS leading edge In early write cycles and to WRITE leading edge In delayed write 

or read -modify -write cycles, 
© tWCS- tcWD and tRVVD 8re restrictive operating parameters In read-write and read-modify -write cycles only. If tyveS > 

tyvcS (mln), the cycle Is an early write cycle and the data output will remain open circuit throughout the entire cycle. 

If tcWD > tCWD (mln) and tRWD > tRWD (mln), the cycle Is s read-write end the data output will contain data read 

from the selected cell. If neither of the above conditions ere met the condition of the data out (at access time and until 

CAS goes back to V|h) Is indeterminate. 
4@> Either tRRH or tRCH mu *t **• satisfied for a read cycle. 
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ADDRESSES 



READ CYCLE 




WRITE CYCLE (EARLY WRITE) 



X 



'a 



v 



iCZ> 



i 



-M 



/-i "CPN ■» >— 



TIMING WAVEFORMS 



AODRESSES 



READ WRITE/READ MODIFY-WRITE CYCLE 

'rmw 



^ 



pREssj yyyA 



J V 



«H 



w w//// // ////// / ///////m mmci 



. — ,: 



7 



W~ 



}r— 'OFF 

3 — 
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MPD4164 



TIMING WAVEFORMS 
(CONT.) 



V|HC 



•RAS-ONLY" REFRESH CYCLE 



\ 



X 



» I 'asr h 



\. 



'*_ 



7 



HIDDEN REFRESH CYCLE 





PAGE MODE READ CYCLE 

'has 



'rah \ L 



• RAC" 
-OPEN 



I 



' ~'CP" h*~ 'CAS— 1 —'CAS— ' 



, l "K 




'Rcs-*1r" — 'rch-*-I[-« — 

izmm — w 



c ■ — I r*-'oFF "i [-"-'off ■- (-"-'oft 

-—C D C> p — 

-Mi-"- 'rcs 



i-^- 'rp-"- 

CRP 



PAGE MODE WRITE CYCLE 

'ras- 



ADDRESSES v 
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T a = 0° to +70°C; Vcc = +5V ± 10%; Vss = 0V 



CAPACITANCE 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 
(Ao-A 7 ),D| N 


cn 






5 


pF 




Input Capacitance 
RAS, CAS, WRITE 


CI2 






8 


pF 




Output Capacitance 
(DOUT) 


CO 






7 


pF 






PACKAGE OUTLINES 
juPD4164C 



Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


19.4 MAX. 


0.76 MAX. 


B 


0.81 


0.03 
0.10 
0.02 


C 


2.54 


D 


0.5 


E 


17.78 


0.70 

0.051 


F 


1.3 


G 


2.54 MIN. 


0.10MIN. 
0.02 MIN. 
0.1 6 MAX. 


H 
I 


0.5 MIN. 
4.05 MAX 


J 


4.55 MAX. 


0.18 MAX. 


K 


7.62 


0.30 


L 


6.4 


0.25 


M 


♦0.10 
0.26 

-0.05 


0.01 




MPD4164D 



Cerdip 



ITEM 


MILLIMETERS 


INCHES 


A 


19.9 MAX 


0.784 MAX 


B 


1.06 


0.042 


C 


2.54 


0.10 


D 


0.46 i 0.10 


0.018 t 0.004 


E 


17.78 


0.70 


F 


1.5 


0.059 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.019 MIN 


1 


4.58 MAX 


0.181 MAX 


J 


5.08 MAX 


0.20 MAX 


K 


7.62 


0.30 


L 


6.4 


0.25 


M 


+0.10 
-0.05 


+0.0039 
0.0098 

-0.0019 



4164DS-REV 1-1-82-CAT 
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NEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



HPD4104 

JUPD4104-1 

MPD4104-2 



4096 x 1 STATIC NMOS RAM 



DESCRIPTION The//PD4104 is a high performance 4K static RAM. Organized as 4096 x 1, it uses 
a combination of static storage cells with dynamic input/output circuitry to achieve 
high speed and low power in the same device. Utilizing NMOS technology, the 
juPD4104 is fully TTL compatible and operates with a single +5V ± 10% supply. 



FEATURES • Fast Access Time -200 ns (//PD4104-2) 

• Very Low Stand-By Power - 28 mW Max. 

• Low Vrjc Data Retention Mode to +3 Volts. 

• Single +5V ±10% Supply. 

• Fully TTL Compatible. 

• Available in 18 Pin Plastic and Ceramic Dual-in-Line Packages. 

• 3 Performance Ranges: 



B 





ACCESS TIME 


R/W CYCLE 


SUPPLY CURRENT 


ACTIVE 


STANDBY 


LOW V C C 


juPD4104 


300 ns 


460 ns 


21 mA 


5 mA 


5 mA 


/UPD4104-1 


250 ns 


385 ns 


21 mA 


5 mA 


3.3 mA 


MPD4104-2 


200 ns 


310 ns 


25 mA 


5 mA 


3.3 mA 



A 3 C 


1 




18 


H V CC 


A2Q 


2 






Ha 5 


A,C 


3 




16 


3 A 4 


A C 


4 




15 


I]A 7 


A 11 C 

A ioC 


5 
6 


juPD 
4104 


14 
13 


Ha 8 
Ha 9 


outC 






12 


Ha 6 


weC 


8 






D D IN 


v ssd 


9 




10 


Dei 



PIN NAMES 



Ao-a-h 


Address Inputs 


cl 


Chip Enable 


D IN 


Data Input 


D OUT 


Data Output 


V SS ' 


Ground 


V CC 


Power (+5V) 


WE 


Write Enable 



Rev/3 
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MPD4104 



A - 
Al - 
A 2 _ 


ROW 
DECODER 

AND 
BUFFER 




MEMORY 
ARRAY 
64 x 64 


A 3 _ 
A 4 - 

A 5 "I 




t 








CE _ 


TIMING 
■ GENERATOR 










COLUMN 

DECODER AND 

BUFFER 




t 




D| N — 

D OUT — 
WE _ 


I/O 


-* *" 




1 1 1 1 1 1 

A 6 AyAgAgATQAii 



BLOCK DIAGRAM 



Operating Temperature C to +70 C 

Storage Temperature -65 C to +150C 

Voltage on Any Pin - 1 to +7 Volts © 

Power Dissipation 1 Watt 

Short Circuit Output Current .50 mA 

Note: © With respect to VsS 
T a = 25° C 

• COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification Is not 
implied. Exposure to absolute maximum rating conditions for extended periods may effect device 
reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 



T a = 0°C to +70° C, V CC - +5V ± 10% 







SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


PARAMETER 


MIN 


TYP 


MAX 


Supply Voltage 


vcc 


4.5 


5.0 


5.5 


V 


© 


Logic "1" Voltage All Inputs 


V|H 


2.2 


-3 


7.0 


V 


Logic "0" Voltage All Inputs 


VlL 


-1.0 




0.8 


V 


Average Vcc 
Power Supply 
Current 


uPD4104 


"CC1 






21 


mA 


© 


/UPD4104-1 


'CC1 






21 


mA 


MPD4104-2 


'CC1 






25 


mA 


Standby Vcc Power Supply Current 


"CC2 






5 


mA 


© 


Input Leakage Current (Any Input) 


'IL 


-10 




10 


MA 


© 


Output Leakage Current 


iOL 


-10 




10 


mA 


® © 


Output Logic "1" Voltage IquT - 500 MA 


VOH 


2.4 






V 




Output Logic "0" Voltage IQUT 5mA 


vol 






0.4 


V 





DC CHARACTERISTICS © 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C IN 




4 


6 


pF 


© 


Output Capacitance 


c OUT 




6 


7 


pF 


© 



CAPACITANCE © 



Notes: © All voltages referenced to Vss 

© 'CC1 is related to precharge and cycle times. Guaranteed maximum values for Icci may 
be calculated by 

l CC 1 I ma I - (5t p + 1 3 (tc - t p ) + 3420) tc 

where t p and tc are expressed in nanoseconds. Equation is referenced to the -2 device. 

other devices derate to the same curve. 
© Output is disabled (open circuit), CE is at logic 1 . 
@ All device pins at volts except pin under test at 0. Vin = 5.5 volts. 
© 0V < VOUT < +5.5V. 
© During power up, CE and WE must be at V|h for minimum of 2 ms after Vcc reaches 

4.5V, before a valid memory cycle can be accomplished. 
~ At 

(Z) Effective capacitance calculated from the equation C I with AV equal to 3V and 

AV 

Vcc nominal. 
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AC CHARACTERISTICS © (7) 



T a = 0°C to +70°C, V c c = +5V t 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


4104 


4104-1 


4104-2 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Read or Write Cycle Time 


<C 


460 




385 




310 




ns 


© 


Random Access 


'AC 




300 




250 




200 


ns 


® 


Chip Enable Pulse Width 


'CE 


300 


10,000 


250 


10,000 


200 


10,000 


ns 




Chip Enable Precharge Time 


tp 


150 




125 




100 




ns 




Address Hold Time 


'AH 


165 




135 




110 




ns 




Address Set-Up Time 


'AS 

















ns 




Output Buffer Turn-Off Delay 


'OFF 





75 





65 





50 


ns 


® 


Read Command Set-Up Time 


'RS 

















ns 


© 


Write Enable Set-Up Time 


'WS 


-20 




-20 




-20 




ns 


© 


Data Input Hold Time 
Referenced to WE 


'DIH 


25 




26 




25 




ns 




Write Enabled Pulse Width 


'WW 


90 




75 




60 




ns 




Modify Time 


'MOD 





10,000 





10,000 





10,000 


ns 


d> 


WE to CE Precharge Lead Time 


'WPL 


105 




85 




70 




ns 


© 


Data Input Set-Up Time 


«DS 

















ns 




Write Enable Hold Time 


«WH 


225 




185 




150 




ns 




Transition Time 


'T 


6 


50 


5 


50 


5 


50 


ns 




Read-Modify-Write Cycle Time 


'RMW 


565 




470 




380 




ns 


© 



Notes: (T) All voltages referenced to V5S 

© During power up, CE and WE must be at V|j_] for minimum of 2 ms after Vqc reaches 4.5V, before a valid 
memory cycle can be accomplished. 

(3) Measured with load circuit equivalent to 2 TTL loads and CL = 100 pF. 

(4) If WE follows CE by more than tws tnen data out ma y not remain open circuited. 
(§) Determined by user. Total cycle time cannot exceed trjE max. 

(6) Data-in set-up time is referenced to the later of the two falling clock edges CE or WE. 

(7) AC measurements assume t 7 = 5 ns. Timing points are taken as Vjl - 0.8V and V|j-| = 2.2V on the inputs 
and Vol = 0.4V and Vqh = 2.4V on the output waveform. 

® tC = t C E- M P + 2t T . 

(§) The true level of the output in the open circuit condition will be determined totally by output load 

conditions, The output is guaranteed to be open circuit within tgpp. 
© tRMW = *AC + *WPL + tp + 3 tj + tMOD- 



H 



STANDBY 
CHARACTERISTICS 







LIMITS 


UNIT 


TEST 
CONDITIONS 


1 


4104 


4104-1 


4104-2 


PARAMETER 


SYMBOL 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Vcc ln Standby 


Vp D 


3.0 




3.0 




3.0 




V 




Standby Current 


IPD 




5.0 




3.3 




3.3 


mA 


<2> 


Power Supply Fall Time 


T F 


100 




100 




100 




us 




Power Supply Rise Time 


Tr 


100 




100 




100 




"S 




Chip Enable Pulse CE Width 


T C E 


300 




250 




200 




us 




Chip Enable Precharge to 
Power Down Time 


T PPD 


150 




125 




100 




ns 




"1" Level CE Min Level 


V|H 


2.2 




2.2 




2.2 




V 




Standby Recovery Time 


T RC 


600 




500 




500 




"S 





Note: (T) Maximum value for V pD minimum value (= 3 V). 



TIMING WAVEFORMS 



POWER DOWN 



Vcc<MIN> 



VCC 



VPD' 



CE 



V||_-A- 



I tppo 
p* — mm 

--ce-H^ 



tF 



\ 



■STANDBY MODE- 



■Jf- 



-i*- 



*R 



tRC 



39 



HPD4104 



V|H- 
V|L- 



V|H- 
ADDRESSES V|( _ _ 



tRS 
V,H-^ 



DOUT 



VlH" 7 / 



VOH- 



READ CYCLE 

t c 



\ 



t 



WMm/i/////MW/////////m 



G 



TIMING WAVEFORMS 
(CONT.) 



\ 



{_ VALID V OPEN 



WRITE CYCLE 



V|H 
V| L - 



\ 



WE v lH' 

V|L- 



D|N 



VlH- 
V||_- 



P///////////////////I/////////M 






W/////////////////////W//////////////M 



READ-MODIFY-WRITE CYCLE 



VlH" 
V|L- 



\ 



WE V|H 



VlH" 7 ! 



«as — H U— . . 

£: « .*■ W/////////////////////// /// WMM7, 



\ 



ZiTMMMMMMK 



dT 



J ^ _, ^- 



■*— tMOD-H 



WZMMMl 

— -] h" 'OFF 

^— OPEN — 
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OPERATIONAL READCYCLE 
DESCRIPTION The se | ection f one f tne possible 4096 bits is made by virtue of the 12 address bits 
presented at the inputs. These are latched into the chip by the negative going edge of 
chip enable (CE). If the write enable (WE) input is held at a high level (V|h) while the 
CE input is clocked to a low level (V| |_), a read operation will be performed. At the 
access time (tAC)< valid data will appear at the output. Since the output is unlatched 
by a positive transition of GE, it will be in the high impedance state from the previous 
cycle until the access time. It will go to the high impedance state again at the end of the 
current cycle when CE goes high. 

The address lines may be set up for the next cycle any time after the address hold time 
has been satisfied for the current cycle. 

WRITE CYCLE 

Data to be written into a selected cell is latched into the chip by the later negative 
transition. of CE or WE. If WE is brought low before CE, the cycle is an "Early Write" 
cycle/and data will be latched by CE". If CEis brought low before WE, as in a Read- 
Modify-Write cycle, then data will be latched by WE. 



If the cycle is. an "Early Write" cycle, the output will remain in the high impedance 

state. For a Read-Modify-Write cycle; the output will be active for the Modify and 

Write portions of the memory cycle until CE goes high. If WE is brought low after CE 
but before the access time, the state of the output will be undefined. The desired data 
will be written into the cell if data-in is valid on the leading edge of WE, tDIH ls satisfied, 
and WE occurs prior to CE going high by at least the minimum lead time (twp|_). 



READ-MODIFY-WRITE 

Read and Write cycles can be combined to allow reading of a selected location and then 
modifying that data within the same memory cycle. Data is read at the access time and 
modified during a period defined by the user. New data is written between Wl low and 
the positive transition of CE. Data out will rerhain valid until the rising edge of CE. A 
minimum R-M-W cycle time can be calculated by tRMW = *AC + tMOD + tWPL + tp + 
3 t-[-; where tRMW is the cycle time, tAC is tn e access time, tMOD IS tne user defined 
modify time, t\WPL ' s tne WE to CE lead time, tp is the CE high time, and tj is one 
transition time. 

POWER DOWN MODE 

In power down, data may be retained indefinitely by maintaining Vcc at + 3V. 
However, prior to VrjC going below Vcc minimum (<4.5V) CE must be taken high 
(V|H = 2.2V) and held for a minimum time period tppo and maintained at Vm for 
the entire standby period. After power is returned to Vcc min or above, CE must be 
held high for a minimum of tRC i n order that the device may operate properly. See 
power down waveforms herein. Any active cycle in progress prior to power down must 
be completed so that tcE m i n * s not violated. 
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PACKAGE OUTLINES 
//PD4104C 



Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


23.2 MAX. 


0.91 MAX. 


B 


1.44 


0.055 


C 


2.54 


0.1 


D 


0.45 


0.02 


E 


20.32 


0.8 


F 


1.2 


0.06 


G 


2.5 MIN. 


0.1 MIN. 


H 


0.5 MIN. 


0.02 MIN. 


1 


4,6 MAX. 


0,18 MAX. 


J 


5.1 MAX. 


0.2 MAX. 


K 


7.62 


0.3 


L 


6.7 


0.26 


M 


0.25 


0.01 



4104DSREV3-1-82-CAT 
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NEC Electronics USA Inc. 

Microcomputer Division 



/iPD2114L 

MPD2114L-1 

/iPD2114L-2 

pPD2114L-3 

f/PD2114L-5 



4096 BIT (1024 x 4 BITS) STATIC RAM 

DESCRIPTION The NEC/UPD2114L is a 4096 bit static Random Access Memory organized as 1024 
words by 4 bits using N-chanrie! Silicon-gate MOS technology. It uses fully DC stable 
(static) circuitry throughout, in both the array and the decoding. It therefore requires 
no clocks or refreshing to operate and simplifies system design. The data is read out 
nondestructively and has the same polarity as the input data. Common input/output 
pins are provided. 

The juPD21 14L is designed for memory applications where high performance, low cost, 
large bit storage, and simple interfacing are important design objectives. The ^(PD2114L 
is placed in an 18-pin package for the highest possible density. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. 
A separate Chip Select (CS) lead allows easy selection of an individual package when 
outputs are QR-Tied. 

FEATURES • Access Time: Selection from 150-450 ns 
Single +5 Volt Supply 

Directly TTL Compatible — All Inputs and Outputs 
Completely Static — No Clock or Timing Strobe Required 
Low Operating Power — Typically 0.06 mW/Bit 
Identical Cycle and Access Times 

Common Data Input and Output using Three-State Output 
High Density 18-pin Plastic and Ceramic Packages 
Replacement for 21 14.L and Equivalent Devices 




PIN CONFIGURATION 



A 6 C 


1 


V 18 


3 vcc 


A 5C 


2 


17 


IA7 


A 4 C 


3 


16 


]A 8 


A3C 
AoC 


4 
5. 


15 
MPD 

J114L 14 


D A 9 
3 I/O! 


A1 9 


6 


13 


3 i/o 2 


A 2 C 


7 


12 


1 1/03 


csT 


8 


11 


1 1/04 


gndQ 


9 


10 


3 WE 



PIN NAMES 



Afj-Ag 


Address Inputs 


WE 


Write Enable 


CS 


Chip Select 


I/O1-I/O4 


Data Input/Output 


vcc 


Power (+5V) 


GND 


Ground 



Rev/2 
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*3 ^ 




BLOCK DIAGRAM 



■®M_3 



Operating Temperature -10°Cto+80°C ABSOLUTE MAXIMUM 

Storage Temperature . -65°C to +150°C RATINGS* 

Voltage on any Pin -0.5 to 7 Volts © 

Note: © With respect to ground. 
T a = 25°C 

"COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

T a = 0°C to 70°C; Vfjrj = +5V ± 10% unless otherwise noted. r\Q r>u a RACTE R ISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Input Load Current 
(All Input Pins) 


'li 






10 


ma 


V |N ="0to5.5V 


I/O Leakage 
Current 


•lo 






10 


M 


CS = 2V.V |/0 = 0.4VtoV cc 


Power Supply 
Current 


'cci 






65 


mA 


V |N = 5.5V, l |/Q = mA. 
T a =25°C 


Power Supply 
Current 


! CC2 






70 


mA 


V |N - 5.5V, l |/0 = mA, 
T a = ° C 


Input Low Voltage 


V IL 


-3.0 




0.8 


V 




Input High Voltage 


V IH 


2.0 




6.0 


V 




Output Low Current 


'OL 


3.2 






mA 


V OL = 0.4V 


Output High 
Current 


'oh 






-1.0 


mA 


V QH = 2.4V, V cc = 4.75V 


V 0H = 2.2V, V cc = 4.5V 



T a = 25'C;f = 1.0 MHz 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input/Output Capacitance 


C|/0 






8 


Pf 


V|/O = 0V 


Input Capacitance 


C|N 






5 


Pf 


v )N = ov 



CAPACITANCE 
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AC CHARACTERISTICS 



TIMING WAVEFORMS 



T a - 0°Cto +70° C. 


V C C ■= +5V * 


10%, 


unless o 


herwise noted 


















PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


2114L 


2114L-1 


2114L-2 


2114L-3 


2114L-5 


MIN | MAX 


MIN 1 MAX 


MIN | MAX 


MIN |MAX 


MIN | MAX 




READ CYCLE 


Read Cycle Time 


'RC: 


450 




300 




250 




200 




150 




ns 


t T »l r = t ( -10n« 
C L - 100 pF 

Load = 1 TTL gate 

Input Levels = 0.8 
and 2.0V 

V rtf -1.5V 


Access Time 


'A 




450 




300 




250 




200 




150 


ns 


Chip Selection 
to Output Valid 


tCO 




120 




100 




80 




70 




60 


ns 


Chip Selection 
to Output Active 


tCX 


20 




20 




20 




20 




20 




ns 


Output 3-State 
from Deselection 


tOTD 




100 




80 




70 




60 




50 


ns 


Output Hold from 
Address Change 


tQHA 


50 




50 




50 




50 




50 




ns 


WRITE CYCLE 






Write Cycle Time 


'WC 


450 




300 




250 




200 




150 




ns 


tT ■ t r = tf - 10 ns 
C L = 100 pF 

Load - 1 TTL gate 

Input Levels = 0.8 
and 2.0V 

V re t = 1.5 V 


Write Time 


'W 


200 




150 




120 




120 




80 




ns 


Write Release 
Time 


tWR 



























ns 


Output 3-State 
from Write 


tOTW 




100 




80 




70 




60 




50 


ns 


Data to Write 
Time Overlap 


'DW 


200 




150 




120 




120 




80 




ns 


Data Hold from 
Write Time 


'DH 



























r,s 


Address to Write 
Setup Time 


tAW 



























ns 




X 



READ CYCLE © 

tRC 



os wwwwwwww 



-'co- 



D OUT 



S[ 



wmw/twi 



— 'OTD 
*OHA 



]B 



X 



«SSSSi 



'AW- 



WRITE CYCLE 

— ■ 'WC 



^ 



mnnnnnn. 



<©- 



°OUT 



DlN 



»)»»»»)» 



'OTW 



•*- 'DW— »- "« ■- 



<l 



nm 



mtmMM 



Notes: © WE is high for Read Cycle 

(3) tw is measured from the latter of £5 or Wl going low to 
the earlier of CS or WE going high. 
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PACKAGE OUTLINES 
MPD2114LC 





(PLASTIC) 



ITEM 


MILLIMETERS 


INCHES 


A 


23.2 MAX. 


0.91 MAX. 


B 


1.44 


0.055 


C 


2.54 


0.1 


D 


0.45 


0.02 


E 


20.32 


0.8 


F 


1.2 


0.06 


G 


2.5 MIN. 


0.1 MIM. 


H 


0.5 MIN. 


0.02 MIN, 


I 


4.6 MAX. 


0.18 MAX. 


J 


5.1 MAX. 


0.2 MAX. 


K 


7.62 


0.3 


L 


6.7 


0.26 


M 


0.25 


0.01 



2114LDSREV2-12-81-CAT 
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Microcomputer Division 



/iPD2147-2 
HPD2147-3 
/iPD2147-5 



4096 x 1 BIT STATIC RAM 



DESCRIPTION 



FEATURES 



PIN CONFIGURATION 



The juPD2147 is a 4096-bit static Random Access Memory organized as 4096 words by 
1-bit. Using a scaled NMOS technology, it incorporates an innovative design approach 
which provides the ease-of-use features associated with non-clocked static memories 
and the reduced standby power dissipation associated with clocked static memories. 
The result is low standby power dissipation without the need for clocks, address setup 
and hold times. In addition, data rates are not reduced due to cycle times that are 
longer than access times. 

CS controls the power down feature. In less than a cycle time after CS goes high — 
deselecting the juPD2147 — the part automatically reduces its power requirements and 
remains in this lower power standby mode as long as CS remains high. This device 
feature results in system power savings as great as 85% in larger systems, where the 
majority of devices are deselected. 

The/zPD2147 is placed in an 18-pin package configured with the industry 
standard pinout. It is directly TTL compatible in all respects: inputs, outputs, and a 
single +5V supply. The data is read out non-destructively and has the same polarity 
as the input data. A data input and a separate three-state output are used. 

Scaled NMOS Technology 

Completely Static Memory — No Clock or Timing Strobe Required 

Equal Access and Cycle Times 

Single +5V Supply 

Automatic Power- Down 

High Density 18-Pin Package 

Directly TTL Compatible - All Inputs and Outputs 

Separate Data Input and Output 

Three-State Output 

Available in a Standard 18-Pin Ceramic Package 

2 Performance Ranges: 






MAX 
ACCESS TIME 


SUPPLY CURRENT 


ACTIVE 


STANDBY 


MPD2147-2 


70 ns 


160 mA 


20 mA 


(UPD2147-3 


55 ns 


1 60 mA 


20 mA 


MPD2 147-5 


45 ns 


160 mA 


20 mA 




PIN NAMES 



Arj-Ai 1 


Address Inputs 


WE 


Write Enable 


CS 


Chip Select 


Din 


Data Input 


DOUT 


Data Output 


vcc 


Power (+5V) 


GND 


Ground 



TRUTH TABLE 



CS 


WE 


MODE 


OUTPUT 


POWER 


H 


X 


Not Selected 


HighZ 


Standby 


L 


L 


Write 


HighZ 


Active 


L 


H 


Read 


DOUT 


Active 



Rev/1 
47 



HPD2147 




MEMORY ARRAY 

64 ROWS 

64 COLUMNS 



' V CC 
• GND 



BLOCK DIAGRAM 



COLUMN I/O CIRCUITS 



COLUMN SELECT 




A 7 *8 A 9 A 10 A 11 



u=o- 



■°OUT 



Operating Temperature - 10°C to +85°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin -3.5V to +7 Volts (J) 

DC Output Current 20 mA 

Power Dissipation "...., 1 .2 W 

Note: (j) with respect to ground 
T a = 25°C 

"COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of ths device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

T a = 0°C to +70°C; Vcc = +5V ± 10%, unless otherwise noted. © 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 






MIN 


TYP© 


MAX 


TEST CONDITIONS 


Input Load 
Current (All 
Input Pins) 


'LI 




0.01 


10 


MA 


Vcc = Max - V IN = GND to 

vcc 


Output Leakage 
Current 


•lo 




0.01 


10 


ma 


CS = V, H ,V CC = Max, 
v OUT = G NDto Vcc 


Operating Current 


•cc 




120 


150 


mA 


T a = 25°C 


Vcc = Max - 

cs = v, L , 

Outputs Open 






160 


mA 


T a = 0°C 


Standby Current 


I SB 




12 


20 


mA 


VQC = Min to Max, 
CS«V| H 


Peak Power-On 
Current 


IPO® 




25 


50 


mA 


VQC " GNCl to V CC = Min ' 
CS » Lower of Vcc or 
V|HMin 


Input Low 
Voltage 


V|L 


-3.0 




0.8 


V 




Input High 
Voltage 


V|H 


2.0 




6.0 


V 




Output Low 
Voltage 


Vol 






0.4 


V 


IOL = 8mA 


Output High 
Voltage 


V H 


2.4 






V 


'OH = *"*-0 m A 


Output Short 
Circuit Current 


'OS 


-150 




+150 


mA 


VoUT = Q NDto Vcc 



Notes: Q The operating ambient temperature range is guaranteed with transverse air flow exceeding 4O0 linear feet per 
minute. 

S Typical limits are Vcc " 5V . 1"a " + 25°C, and specified loading. 
ICC exceeds Isb maximum during power on. A pull-up resistor to Vcc on the CS input Is required to keep the 
device deselected: otherwise, power-on current approaches Ice ective. 



ABSOLUTE MAXIMUM 
RATINGS* 



DC CHARACTERISTICS 



48 



/iPD2147 



CAPACITANCE T a = 25°C; f = 1.0 MHz 



© 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 1 TYP 


MAX 


Input Capacitance 


ClN 






5 


pF 


V| N = 0V 


Output Capacitance 


COUT 






6 


pF 


VOUT = 0V 



Note: (T) This parameter is sampled and not 100% tested. 



AC TEST CONDITIONS 



AC CHARACTERISTICS 
READ CYCLE 



Input Pulse Levels Gnd to 3.0 Volts 

Input Rise and Fall Times 5 ns 

Input and Output Timing Reference Levels 1.5 Volts 

Output Load See Figure 1 



T a - 0°C to +70°C; Vqc " +5V ± 10% ""less otherwise noted 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MPD2147-5 


MPD2147-3 


"PD2147-2 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Read Cycle Time 


tRC© 


45 




55 




70 




ns 




Address Access Time 


*AA 




45 




55 




70 


ns 




Chip Select 
Access Time 


«ACS1 




45 




55 




70 


ns 




Chip Select 
Access Time 


tACS2 




45 




55 




70 


ns 




Output Hold From 
Address Change 


«OH 


5 




5 




5 




ns 




Chip Select to 
Output in Low Z 


<CZ© 


10 




10 




10 




ns 


© 


; Chip Deselection to 
Output in High Z 


tHZ© 





30 





30 





40 


ns 


© 


Chip Selection to 
Power-Up Time 


tpu 

















ns 




Chip Selection to 
Power-Down Time 


tpo 




20 




20 




30 


ns 





B 



Pout 



v C c 



30 pF 

(INCLUDING SCOPE AND JIG) 



Figure 1 

Notes: (T) All Read Cycle timings are referenced from the last valid address to the first transi- 
tioning address. 

(2) At any given temperature and voltage condition, t|-iz max is less than t[_z min. both 
for a given device and from device to device. 

(5) Transition is measured ±200 mV from steady state voltage with specified loading. 

(4) Transition is measured at Vql +200 mV and Vqh -200 mV with specified loading. 
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jxPD2147 



■ZX 



READ CYCLE NO. 



1©© 



DATA OUT PREVIOUS DATA VALID j ■ Y Y ^ £ 



TIMING WAVEFORMS 
READ CYCLE 



DATA VALID 



READ CYCLE NO. 2 



SUPPLY 
CURRENT 




PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MPD2147-5 


MPD2147-3 


MPD2147-2 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Write Cycle Time© 


*wc 


45 




55 




70 




ns 




Chip Select to 
End of Write 


«cw 


45 




45 




55 




ns 




Address Velid to 
End of Write 


l AW 


45 




45 




55 




ns 




Address Setup Time 


*AS 

















ns 




Write Pulse Width 


l WP 


2.5 




25 




40 




ns 




Write Recovery Time 


l WR 







10 




15 




ns 




Data Valid to 
End of Write 


l DW 


25 




25 




30 




ns 




Data Hold Time 


*DH 


10 




10 




10 




ns 




Write Enabled to 
Output with Z 


*WZ 





25 





25 





35 


ns 


© 


Output Active From 
End of Write 


'OW 

















ns 


© 



AC CHARACTERISTICS 
WRITE CYCLE 



Notes: (T) All Read Cycle timings are referenced from the last valid address to the first transi- 
tioning address. 

@ At any given temperature and voltage condition, tmz max is less than Ilz min. both 
for a given device and from device to device. 

(3) Transition is measured ±200 mV from steady state voltage with specified loading. 

® Transition is measured at Vql +200 mV and Vqh _20 ° mV Wltn specified loading. 

(5) WE is high for Read Cycles. 

(§) Device is continuously selected, C~3~= V||_. 

(7) Addresses valid prior to or coincident with CS transition low. 
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/iPD2147 



TIMING WAVEFORMS 
WRITE CYCLE 



DRESS ^ C 

CS© -T^ 



WRITE CYCLE NO. 1 (WE CONTROLLED) © 

a , .t wc 



Jt 



2 L JJ J 7 /// 



*x 



-t W p »*-'WR* 



J C 



DATA IN VALID 



DATA UNDEFINED 



-«OW — I 
HIGH IMPEDANCE 



E 



ADDRESS ~jr 
tAS- 



cs"- 



WRITE CYCLE NO. 2 (CS CONTROLLED) 

„ t wc 



^^_ 



;^" 



WWWW^ S: 



-«DW ■■ ««DH» ■ 



tVVRH 



DATA IN VALID 



DATA UNDEFINED 



HIGH IMPEDANCE 



Notes.- (T) If CS goes high simultaneously with WE high, the output remains in a high impedance 
state. 
© All Write Cycle timings are referenced from the last valid address to the first 
transitioning address. 

§ Transition is measured at Vqu +200 mV and VrjH -200 mV with specified loading. 
Transition is measured ±200 mW from steady state voltage with specified loading. 
CS or WE must be high during address transitions. 
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jiPD2147 




PACKAGE OUTLINE 
MPD2147D 



0-15° 



Cerdip 



ITEM 


MILLIMETERS 


INCHES 


A 


23.2 MAX 


0.91 MAX 


B 


1.44 


0.055 


C 


2.54 


0.1 


D 


0.45 


0.02 


E 


20.32 


0.8 


F 


1.2 


0.06 


G 


2.5 MIN 


0.1 MIN 


H 


0.5 MIN 


0.02 MIN 


I 


4.6 MAX 


0.18 MAX 


J 


5.1 MAX 


0.2 MAX 


K 


7.62 


0.3 


L 


6.7 


0.26 


M 


0.25 


0.01 



21 47DS-REV1 -10-81 -CAT 
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NEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



jiPD2149 

/iPD2149-1 

/iPD2149-2 



4096 (1024x4) BIT STATIC RAM 



DESCRIPTION The/iPD2149 is a 4096-bit static Random Access Memory organized as 1024 words 
by 4-bits. Using a scaled NMOS technology, it incorporates an innovative design 
approach which provides the ease-of-use features associated with non-clocked static 
memories. 

The //PD2149 is encapsulated in an 18-pin ceramic package configured with the 
industry standard pinout. It is directly TTL compatible in all respects: inputs, out- 
puts, and a single +5V supply. The data is read out non-destructively and has the 
same polarity as the input data. 

FEATURES • Completely Static Memory - No Clock or Timing Strobe Required 

• Equal Access and Cycle Times, Faster Chip Select Access 

• Single +5V Supply 

• High Density 18-Pin Package 

• Directly TTL Compatible — All Inputs and Outputs 

• Common Input and Output 

• Three-State Output 

• Access Time: 35-55 ns MAX (From Address) 

1 5-25 ns MAX (From Chip Select) 

• Power Dissipation: 180 mA MAX 



B 



PIN NAMES 



A6 C 


1 




18 


3 vcc 


A 5 C 


2 




17 


3 A7 


A4 C 


3 




16 


D A 8 


A3 C 

AO C 
A1 C 


4 
5 
6 


juPD 
2149 


15 
14 
13 


3 A9 

3 i/oi 

3 I/02 


A2.C 


7 




12 


3 1/03 


CS ; C 


8 




11 


3 I/04 


GND C 


9 




10 


3 WE' 



Arj-Ag 


Address Inputs 


WE 


Write Enable 


cs 


Chip Select 


1/01-1/04 


Data Input/Output 


vcc 


Power (+5V) 


GND 


Ground 



TRUTH TABLE 



CS 


WE 


MODE 


I/O 


H 


X 


Not Selected 


High Z 


L 


L 


Write 


DIN 


L 


H 


Read 


D OUT 



Rev/1 
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f*PD2149 

A 4 

A 5 

A 6 

A 7 



A 8 " 

Ag" 

l/O-i - 

l/0 2 - 

l/0 3 . 
I/04. 



■tez 



•fid 



tez 



-fez 



-ft= 



ROW 
SELECT 






We"- 



INPUT 

DATA 

CONTROL 






MEMORY ARRAY 
64 ROWS 
64 COLUMNS 



COLUMN I/O CIRCUITS 



COLUMN SELECT 



A At A 2 A3 



BLOCK DIAGRAM 

v C c 

GND 



i=fc" 



rfc: 



ft 



t: 



Operating Temperature -10°Cto+85°C ABSOLUTE MAXIMUM 

Storage Temperature -65°C to +150°C RATINGS* 

Voltage on Any Pin - 1 .5V to +7V © 

DC Output Current 20 mA 

Power Dissipation 1.2W 

Note: (D with respect to ground 

T a = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



DC CHARACTERISTICS 



T a = 0°Cto +70°C; VcC 


= +5V ± 10%, unless otherwise noted. 


PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


TEST CONDITIONS 


Input Leakage Current 


"LI 




+10 


MA 


V|N = GND to Vcc 


Ouput Leakage Current 


lLO 




+50 


ma 


CS = V| H 

VOUT = GND to 4.5V 


Power Supply Current 


ice 




180 


MA 


V|N = Vcc'. l/° = open 


Input Low Voltage 


V|L 




0.8 


V 




Input High Voltage 


V| H 


2.1 


VCC 


V 




Output Low Voltage 


vol 




0.4 


V 


IOL = 8MA 


Output High Voltage 


VOH 


2.4 




V 


lOH = ~ 4 M A 


Output Short Circuit 
Current 


ios 




±200 


MA 


VQUT =GN Dto V C c 



Note: The operating temperature range is guaranteed with transverse air flow exceed- 
ing 400 feet per minute. 
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pPD2149 



CAPACITANCE T a = 25°C;f = I.OMHz © 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


ClN 






5 


PF 


ViM-OV 


Output Capacitance 


COUT 






7 


pF 


VoUT = OV 



Note: (T) This parameter is sampled and not 100% tested. 

AC TEST CONDITIONS Input Pulse Levels Gnd to 3.0V 

Input Rise and Fall Times . . .''.' 5 ns 

Input and Output Timing Reference Levels 1.5V 

Output Load See Figure 1 



AC CHARACTERISTICS 
READ CYCLE <D 



T a = 0°C to +70°C; VfjC " +5V ± 10%, unless otherwise noted. 



PARAMETER 


SYMBOL 


2149-2 


2149-1 


2149 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Read Cycle Time 


trc 


35 




45 




55 




hs 




Access Time 


ta 




35 




45 




55 


ns 




Chip Selection 
to Output Valid 


TCO 




15 




20 




25 


ns 




Chip Selection 
to Output Active 


TCX 


5 




5 




5 




ns 




Output 3 -State 
From Deselection 


TOTD 




10 




15 




20 


ns 


® 


Output Hold From 
Address Change 


TOH 


5 




5 




5 




ns 





E 



DQUT- 



255« 



VCC 

480« 



, 30 pF 
(INCLUDING 
SCOPE AND 
JIG) 



DOUT- 



4800 



35 pF 

(INCLUDING 
SCOPE AND 
JIG) 



Figure 1 



Figure 2 



Notes: (T) WE is high for read cycle. 

© Transition is measured ±500 MV from steady state with load of Figure 2. This parameter 
is sampled and not 100% tested. 
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/iPD2149 



PARAMETER 


SYMBOL 


MPD2149-2 


MPD2149-1 


MPD2149 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Write Cycle Time 


twc 


35 . 




45 




55 . 




ns 




Chip Selection to 
End of Write 


tew 


30 




40 




50 




ns 




Address Valid to 
End of Write 


tAW 


30 




40 




50 




ns 




Address Setup 
Time 


*AS 

















ns 




Write Pulse 
Width 


twp 


30 




35 




40 




ns 




Write Recovery 
Time 


tWR 


5 




5 




5 




ns 




Data Valid to 
End of Write 


tDW 


20 




20 




20 




ns 




Data Hold Time 


tDH 


5 




5 




5 




ns 




Write Enabled to 
Output in High Z 


twz 





10 





15 


. 0, 


20 


ns 


© 


Output Active 
from End of 
Write 


tow 

















ns 


. ©,■ 



AC CHARACTERISTICS 
WRITE CYCLE 



+5V 



DOUT ■ 



225ft 



480ft 



5pF 



Figure 3 

Notes: (T) WE or CS must be high during all address transitions. 

(2) Transition is measured +500 MV from steady state with load of Figure 3. This param- 
eter is sampled and not 100% tested. 

READ CYCLE ® © 



TIMING WAVEFORMS 



ADDRESS 



X 



» \\\\v\v 



Y 



T7TTTTTTT 



Too- 

- T cx— • 



DOUT" 



e 



■* T TD- 

— *iTQH 



T> 
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TIMING WAVEFORMS 

WRITE CYCLE NO. 1 (WE CONTROLLED) 



X 



sWWWWWY^ f 



Data Undefined 



^ 



«WP- 



/iPD2149 



X 



mmznmi 



■'WR- 



/ 



7 f Data Invalid j i 



High Impedance 



E 



WRITE CYCLE NO. 2 (CS CONTROLLED) 



X 



-«AS" 



\ 



•cw- 



WE 



A\\\\\\\\\\\\\\\XW ; 



. t wp . 



X 



/ 



////////////// 



X 



X 



Data Undefined 



> 



High Impedance 



Note: © Transition is measured ±500 mV from steady state with Load B. 
This parameter is sampled and not 100% tested. 
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PACKAGE OUTLINE 
MPD2149D 



0-15° 



Cerdip 



ITEM 


MILLIMETERS 


INCHES 


A 


23.2 MAX 


0.91 MAX 


B 


1.44 


0.055 


C 


2.54 


0.1 


D 


0.45 


0.02 


E 


20.32 


0.8 


F 


1.2 


0.06 


G 


' 2.5 MIN. 


0.1 MIN. 


H 


0.5 MIN 


0.02 MIN 


I 


4.6 MAX 


0.18 MAX. 


J 


5.1 MAX 


0.2 MAX 


K 


7.62 


0.3 


L 


6.7 


0.26 


M 


0.25 


0,01 
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Microcomputer Division 



16,384 x 1 



M PD2 167-2 

M PD2 167-3 

•BIT STATIC RAM 



Description 

The mPD2167 is a 16,384-word by 1-bit static MOS RAM. 
Using a scaled-NMOS technology, its design provides the 
easy-to-use features associated with non-clocked static 
memories. 

The /aPD2167 has a three-state output and offers a 
standby mode that features an 83% savings in power con- 
sumption. The /U.PD2167 requires a single +5 volt supply 
and is fully TTL-compatible. It features equal access and 
cycle times and, because of its fully static operation, it 
requires no external clocks or timing strobes. It is pack- 
aged in a standard 20-pin, 300 mil DIP 

Features 

□ 16384x1 organization 

□ Fully static memory — no clock or timing 
strobe required 

□ Equal access and cycle times 

□ Single + 5v supply 

□ Automatic power-down 

□ Standard 20-pin DIP, 300 mil 

□ All inputs and output directly TTL-compatible 

□ Separate data input and output 

□ Three-state output 

□ Power dissipation: 180 mA max (active) 

30 mA max (standby) 
Access time R/W Cycle time 

/xP02 167-2 70ns 70ns 

juPD2167-3 55ns 55ns 



Pin Configuration 



A.C 

A,C; 

A 2 C 
A3C 
A.C 

A,C 
A 8 C 

D 0UI C 

gndC 



Dv cc 

DA,, 

Da, 

DA„ 

]*. 

Da, 
Da, 
Da, 

:d„ 

DCS 



Pin Names 




Ao-A, 3 


Address Inputs 


WE 


Write Enable 


CS 


Chip Select 


D iN 


Data Input 


DoUT 


Data Output 


"cc 


Power ( + 5v) 


"ss 


Ground 



Truth Table 








CS WE 


Mode 


Output 


Power 




H X 


not selected 


HighZ 


Standby 




L L 


write 


HighZ 


Active 




L H 


read 


D UT 


Active 





i„0 ■{_ 



Row 
Address 
Buffer 



i> a 



31 



S=>{5 



Cell Matrix 
(128 128) 


<= 


BBG 






u 










- 


Column 
Address 
Bulfer 


ot 


Column Decoder (16 


« 


1' 


ii 




(4) 




Uf 



E 



To all Block: 



K 



3E 



WE 
Buffer 



O 



Bus 
Selector 

Buffer 



Sense , . 
Amp H^ 



Absolute Maximum Ratings* 




T a =25°C 


Temperature under bias 


-10°Cto+85°C 


Storage temperature 


-65°Cto+150°C 


Voltage on any pin with respect to ground 


-3.5vto +7v 


D.C output current 


20mA 


Power dissipation 


1.2w 



* Comment: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma- 
nent damage. The device is not meant to be operated 
under conditions outside the limits described in the opera- 
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 

Capacitance 
T a =25°C,f=1.0MHz 



Parameter 


Symbol 


Max. 


Unit 


Conditions 


Input Capacitance 


C|N 


5 


PF 


v IN =ov 


Output Capacitance 


CoUT 


6 


pF 


v OUT =ov 



This parameter is sampled and not 100% tested. 
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M PD2167 



DC Characteristics 

T a = 0°C to + 70°C, V cc = + 5v ± 



10% 



Parameter 


Sym 


Min Typ 


Max 


Unit 


Test 
Conditions 


Input load 

current 

all input pins 


Ili 




10 


/*A 


V cc =max, 
V m =GNDtoV cc 


Output 
leakage 
current 


'lo 


0.1 


50 


/xA 


CS=V, H , 

V cc = max, 

V OUT =GNDtoV cc 


Operating 
current 


Ice 




170 
180 


mA 
mA 


T A =25°C 
T A =0°C 


V £c =max, 

cs=v IL , 

output open 


Standby 
current 


'SB 




30 


mA 


Vcc = min to max, 
CS = V IH 



Peak Ipo® 

Power-On 

current 



35 70 mA 



V cc =GNDto 
_ V oc min. 
CS= Lower of V c 
orV m min. 



Input low 
voltage 


v, L 


-3.0 




0.8 


V 




Input high 
voltage 


V,H 


2.0 




6.0 


V 




Output 
low voltage 


Vol 






0.4 


V 


l 0L =8mA 


Output high 
voltage 


"oh 


2.4 






V 


'oH = -4mA 


Output short 
circuit current 


'osi 




-150 




mA 


V 0UT =GND 


Output short 
circuit current 


'oS2 




150 




mA 


Vqut = Vcc 



1. 



I- 30pF 
(Including 
Scope and Jig) 



AC Characteristics 
T a =0°Cto+70 C,V c 



+ 5V±10% 



Pnrameter Symbol tx 
min 


PD2167-3 MPD2167-2 Unit Notes 
typ max min typ max 






Read Cycle 






Read cycle 
time 


t nc 55 




70 




ns 


Address 
access time 


V*A 




55 


70 


ns ® 


Chip select 
access time 


Ucs 




55 


70 


ns © 


Output hold 
from address 
change 


toH 5 




5 




ns 


Chip select 
to output in 
lowZ 


tu 10 




10 




ns 


Chip deselect 
to output in 
highZ 


t« o 




40 


40 


ns 


Chip select 
to power up 
time 


tpu 









ns 


Chip deselect 
to power down 
time 


tpo 


30 


30 




ns 






Write Cycle 






Write cycle time 


t W c 55 




70 




ns 


Chip select to 
end of write 


tew 45 




55 




ns 


Address valid to t AW 45 
end of write 




55 




ns 


Address setup 
time 


Ias 









ns 


Write pulse 


»wp **»^ 




40 




ns 


Write recovery 
time 


t W R 10 




15 




ns 


Data valid to 
end of write 


t DW 25 




30 




ns 


Data hold time 


tbH 10 




10 




ns 


Write enabled to t wz 
output in high Z 




30 


35 


ns 


Output active t ow 
from end of write 









ns 



Figure 1 - Output Load 



Notes: 

(£) CS valid prior to or coincident with address transition 
(2) Address valid prior to or coincident with CS transition low 



rbspF 

(Including 
Scope and Jig) 



Figure 2 - Output Load for t HZ , t LZ , t wz , t ow 
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M PD2167 



Timing Waveforms 

Read Cycle 1 ®® 



•zx 



3C 



Data Out Previous Data Valid ( YY \ 



Read Cycle 2 ®@ 



cs 



~~H 



f 



High 



■& 



cm: 






© 



3 



High 



Impedance 



I- 1, 



E 




Notes: 

© All Read Cycle timings are referenced from the last valid address to the first address in transition. 

® At any given temperature and voltage condition, t HZ max is less than t LZ min both for a given device and from device to device. 

© Transition is measured + 200mV from steady state voltage with specified loading in Figure 2. 

© Transition is measured at V 0L + 200mV and V 0H - 200mV with specified loading in Figure 2. 

© WE is high for Read Cycles. 

® Device is continuously selected, CS=V IL . 

® Addresses valid prior to or coincident with CS transition low. 

Write Cycle 

(CS Controlled) 



3( 



)C 



\ 



f 



\\\\\\\\\^? K 



X 



/■/////// 



X 



Data Undefined 



) 



High Impedance 



Notes: 

® If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
© All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
©Transition is measured at V 0L +200 mV and V 0H -200 mV with specified loading in Figure 2. 
© Transition is measured ±200 mV from steady state voltage with specified loading in Figure 2. 
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Package Outline 
ju,PD2167D (ceramic) 




—.fl—M 0-10°— 



\- 



Ceramic 


Item 


Millimeters 


Inches 


A 


25.14 max 


0.96 max 


B 


1.14 


0.04 


C 


2.54 


0.1 


D 


0.5 


0.02 


E 


22.86 


0.9 


F 


1.3 


0.05 


G 


3.2 mln 


0.13 min 


H 


0.5 min 


0.20 min 


I 


3.01 max 


0.12 max 


J 


4.15 max 


0.16 max 


K 


7.6 


0.3 


t. 


7.3 


0.29 


M 


0.27 


0.01 
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MPD4016-1 

M PD4016-2 

M PD4016-3 

2048 x 8-BIT STATIC RAM 



Description 

The ^PD4016 is a 16384-bit static Random Access Mem- 
ory device organized as 2048 words by 8 bits. Using a 
scaled NMOS technology, its design provides the ease-of- 
use features associated with non-clocked static memories. 
The /aPD4Q16 has a three-state output and offers a 
stand-by mode with an attendant 75% savings in power 
consumption. It features equal access and cycle times and 
provides an output enable function that eliminates the need 
for external bus buffers. The /xPD4016 is packaged in a 
standard 24-pin dual-in-line package and is plug-compati- 
ble with 16K EPROMS. 
Features 

□ Scaled NMOS technology 

□ Completely static memory: no clock, no refresh 

□ Equal access and cycle times 

□ Single +5V supply 

D Automatic power-down 

□ All inputs and outputs directly TTL-compatible 
D Common I/O capability 

□ OE eliminates need for external bus buffers 

□ Three-state outputs 

□ Plug-compatible with 16K 5V EPROMS 

□ Low power dissipation in standby mode 

□ Available in a standard 24-pin dual-in-line package 



Block Diagram 





Access Time 


R/W Cycle 


MPD4016-1 


250 ns 


250 ns 


MPD4016-2 


200 ns 


200 ns 


MPD4016-3 


150 ns 


150 ns 



Pin Configuration 



A7C 1 
A6C 2 
A5C 3 
A4C 4 
A3C 5 
A2C 6 
A1C 7 
A0C 8 
1/01 C 9* 
I/02C 10 
I/03C 11 
VssC " 



14 



24Z)V CC 
23DA8 
22 HA9 
21 HWE 
20 HOE 
19HA10 
18 DCS 
17 Hl/08 
16 31/07 
15 Dl/06 



31/05 



Pin Names 


A0-A10 


Address Inputs 


WE 


Write Enable 


63 


Chip Select 


or 


Output Enable 


1/01 - 1/08 


Data Input/Output 


v C c 


Power ( + 5V) 


vss 


Ground 



Truth Table 


CS 


61 


WE 


MODE 


I/O 


POWER 


H 


X 


X 


Not Selected 


High-Z 


Standby 


L 


L 


H 


Read 


Oout 


Active 


L 


H 


L 


Write 


Din 


Active 


L 


L 


L 


Write 


Din 


Active 



MEMORY ARRAY 

128 ROWS 

128 COLUMNS 




U£> 



A0 A1 A2 A3 




CSO- 

WEO-- ll^_^ 

olo — -fcsQ)- 



Absolute Maximum Ratings* 
T a = 25°C 

Temperature Under Bias - 10°C to 85°C 

Storage Temperature 65°C to 150°C 

Voltage on any pin with respect to Ground -0.5V to 7V 

D.C. Output Current 20mA 

Power Dissipation 1 W 

'COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma- 
nent damage. The device is not meant to be operated 
under conditions outside the limits described in the opera- 
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



Capacitance 

T a = 2S°C,f= 1 MHz 



Parameter 


Symbol 


LIMITS 


Unit 


Test Conditions 


Min 


Typ 


Max 


Input Capacitance 


C|N 






5 


pF 


V, N = ov 


I/O Capacitance 


Cl/O 






7 


PF 


V|/ = ov 


This parameter is sampled and not 100% tested. 



REV/1 
63 



MPD4016 



DC Characteristics 

T a = 0»C to 70°C, V C C = SV ± 10% 



Parameter 


Symbol 


LIMITS 


Unit 


Test Conditions 


Mln. 


Typ. 


Max. 


Input Leakage Current 


'LI 






10 


mA 


VCC = Max 

VIN = GND to VCC 


Output Leakage Current 


"LO 






10 


M A 


VCC = Max, CS = VIH 
VOUT = GND to VCC 


Operating Current 


ice 






60 


mA 


VCC - Max, CS = VIL 
Outputs Open 


Standby Current 


'SB 






15 


mA 


VCC - Mln to Max 
CS = VIH 


Input Low Voltage 


V|L 


-1.5 




0.8 


V 




Input High Voltage 


V|H 


2.0 




6.0 


V 




Output Low Voltage 


vol 






0.4 


V 


IOL = 4mA 


Output High Voltage 


VOH 


2.4 






V 


IOH = 1mA 


Output Short Circuit 
Current 


'OS 


TBD 




TBD 


mA 


VOUT = GND to VCC 



AC Test Conditions 

Input Pulse Levels 0.8V to 2.2V 

Input Rise and Fall Times 10nsec 

Input Timing Reference Levels 1 .5V 

Output Timing Reference Levels 1 .5V 



tlOOPF 
(Including Scope and Jig) 



Figure 1 - Output Load 



Figure 2 - Transition Load 



AC Characteristics 

Read Cycle 

T a = 0°Cto70°C, V CC SV ± 10% 



Parameter 


Symbol 


LIMITS 


Unit 


Notes 


HPD4016-3 


uPD4016-2 


HPD4016-1 


Min. 


Max 


Min. 


Max. 


Min. 


Max. 


Read Cycle Time 


l RC 


150 




200 




250 




nsec 


1 


Address Access Tim2 


*AA 




150 




200 




250 


nsec 




Chip Select 
Access Time 


*ACS 




150 




200 




250 


nsec 


2 


Output Hold from 
Address Change 


*OH 


10 




10 




10 




nsec 




Chip Selection to 
Output in Low Z 


«LZ 


10 




10 




10 




nsec 


3,4 


Chip Deselection to 
Output in High Z 


»HZ 




50 




60 




80 


nsec 


3,4 


Output Enable to 
Output Valid 


«OE 




70 




90 




110 


nsec 




Output Enable to 
Output in Low Z 


*OLZ 


10 




10 




10 




nsec 


3,4 


Output Disable to 
Output in High Z 


*OHZ 




50 




60 




80 


nsec 


3,4 


Chip Selection to 
Power up Time 


tpu 

















nsec 


4 


Chip Deselection to 
Power down Time 


tpo 




70 




90 




110 


nsec 


4 



Writs Cycle 

T a = 0-C to 70°C, V CC 5V ± 10% 



Parameter 


Symbol 


LIMITS 


Unit 


Notes 


wPD4016-3 


MPD4016-2 


MPD4016-1 


Min 


Max. 


Min 


Max 


Min 


Max. 


Write Cycle Time 


*WC 


150 




200 




250 




nsec 




Chip Selection to 
End of Write 


«CW 


120 




160 




200 




nsec 




Address Valid to 
End of Write 


»AW 


90 




120 




15Q 




nsec 




Address Setup Time 


«AS 

















nsec 




Write Pulse Width 


*WP 


80 




100 




130 




nsec 


5 


Write Recovery Time 


«WR 


10 




10 




10 




nsec 




Data Valid to 
End of Write 


tDW 


50 




60 




80 




nsec 




Data Hold Time 


*DH 

















nsec 




Write Enabled to 
Output in Hlgh-Z 


*WZ 




50 




60 




80 


nsec 


6,7 


Output Active 
from End of Write 


l OW 


10 




10 




10 




nsec 


6,7 



Notes: 

1 . All Read Cycle timings are referenced from the last valid address to the 
first transitioning address. 

2. Address valid prior to or coincident with CS transition low. 

3. Transition is measured ± 200mV from steady state voltage with spec- 
ified load of Figure 1 . 

4. This parameter is sampled and not 1 00% tested. 

5. If CS and OE are both low before write enabled, tWP = tWZ + DW 

6. Transition is measured ±200mV from steady state voltage with spec- 
ified loading in Figure 2. 

7. This parameter is sampled and not 1 00% tested. 
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Timing Waveforms 

Write Cycle No. 1 (WE Controlled) 



MPD4016 





Write Cycle No. 2 (CS Controlled) 



-«wc- 



tAS 



V 



■*cw- 



.t AW - 



i. 



*WP- 



v 
a 



r 



.tow ► 



-»WR- 



'DH 



■— «wz - 



Data 
Undefined 



High Impedance 
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MPD4016 



Read Cycle No.1 © <D © 



l RC- 



-«AA- 



-»0H 




Read Cycle No. 2 © © © 



CS 



-*rc- 



-<AC8- 



*— «LZ- 




♦ t PU - 



¥■ 



«HZ- 



tp D - 



Read Cycle No. 3 © ® 



IX 



i. 



V 

A 



->OLZ"»- 



Notes: © Address valid prior to or coincident with CS transition low. 

© WE is high for Read Cycles. 

© Device is continuously selected, CS = VIL. 
© OE = VIL 
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Package Outlines 
MPO4016C 






M PD4016D 



M PD4016 




Plastic 



Cerdlp 



Item 


Millimeters 


Inches 


A 


33 Max 


1.3 Max 


B 


2.53 


0.1 


C 


2.54 


0.1 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


27.94 


1.1 


F 


1.5 


0.059 


Q 


2.54 Mln 


0.1 Min 


H 


0.5 Mln 


0.02 Mln 


I 


5.22 Max 


0.205 Max 


J 


5.72 Max 


0.225 Max 


K 


15.24 


0.6 


L 


13.2 


0.52 


M 


+ 0.10 
0.25 

-0.05 


+ 0.004 
0.01 

-0.0019 



Item 


Millimeters 


Inches 


A 


33.5 Max 


1.32 Max 


B 


2.78 


0.11 


C 


2.54 


0.1 


D 


0.46 


0.018 


E 


27.94 


1.1 


F 


1.5 


0.059 


Q 


2.54 Mln 


0.1 Mln 


H 


0.5 Mln 


0.019 Mln 


I 


4.58 Max 


0.181 Max 


J 


5.08 Max 


0.2 Max 


K 


15.24 


0.6 


L 


13.5 


0.53 


M 


+ 0.10 
0.25 

-0.05 


+ 0.004 
0.01 

-0.002 
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SEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



//PD5101L 
PPD5101L-1 



1024 BIT (256x4) STATIC CMOS RAM 



DESCRIPTION ThejUPD5101LandjuPD51Q1L-1 are very low power 1024 bit (256 words by 4 bits) 
static CMOS Random Access Memories. They meet the low power requirements of 
battery operated systems and can be used to ensure non-volatility of data in systems 
using battery backup power. 

All inputs and outputs of the )UPD5101 L and /IPD5101L-1 are TTL compatible. Two 
chip enables (CE-|, CE2) are provided, with the devices being selected when CE1 is 
low and CE2 is high. The devices can be placed in standby mode, drawing 10 juA 
maximum, by driving CE1 high and inhibiting all address and control line transitions. 
The standby mode can also be selected unconditionally by driving CE2 low. 

The JUPD5101L and )UPD5101L-1 have separate input and output lines. They can be 
used in common I/O bus systems through the use of the OD (Output Disable) pin 
and OR-tying the input/output pins. Output data is the same polarity as input data 
and is nondestructively read out. Read mode is selected by placing a high on the 
R/W pin. Either device is guaranteed to retain data with the power supply voltage as 
low as 2.0 volts. Normal operation requires a single +5 volt supply. 

The JUPD5101L and juPD5101L-1 are fabricated using NEC's silicon gate comple- 
mentary MOS (CMOS) process. 



B 



FEATURES • Directly TTL Compatible - All Inputs and Outputs 

• Three-State Output 

• Access Time - 650 ns (juPD5101L); 450 ns (jUPD5101L-1) 

• Single +5V Power Supply 

• CE2 Controls Unconditional Standby Mode 

• For operation at +3V Power Supply, Contact the NEC Sales Office. 



PIN CONFIGURATION 




PIN NAMES 



Dh - Di 4 


Data Input 


A - A 7 


Address Inputs 


R/W 


Read/Write Input 


CELCE2 


Chip Enables 


OO 


Output Disable 


DO1 - DO4 


Data Output 


vcc 


Power (+5V) 
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fiPD5101L 



-0- 






CELL ARRAY 

32 ROWS 
32 COLUMNS 



r^Di 






BLOCK DIAGRAM 



-©■ 



><H> 




»»«! BUFFERS 






Operating Temperature 0°C to +70° C 

Storage Temperature -40°C to +125°C 

Voltage On Any Pin With Respect to Ground -0.3 Volts to Vcc +0.3 Volts 

Power Supply Voltage - 0.3 to +7.0 Volts 

T a = 25°C 

♦COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 



T a = 0°C to 70°C; V CC 


= +5V ± 5% 


unless otherwise specified. 




PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP0 


MAX 


Input High Leakage 


■lih® 






1 


MA 


V|N = V CC 


Input Low Leakage 


■lil@ 






-1 


ma 


V| N =0V 


Output High Leakage 


Iloh© 






1 


ma 


CE 1 = 2.2V, Vqut = V C C 


Output Low Leakage 


'lol© 






-1 


ma 


CE1 = 2.2V, Vqut = o.ov 


Operating Current 


'CC1 






22 


mA 


V|N = Vcc Except CE-| 
«0.65V, Outputs Open 


Operating Current 


>CC2 






27 


mA 


V tN =2.2V Except Cl^ 
<0.65V, Outputs Open 


Standby Current 


ICCL© 






10 


MA 


V|[vj = to 5.25V 
CE 2 < 0.2V 


Input Low Voltage 


V| L 


-0.3 




0.65 


V 




Input High Voltage 


VlH 


2.2 




vcc 


V 




Output Low Voltage 


vql 






0.4 


V 


'OL = 20 mA 


Output High Voltage 


v OH1 


2.4 






V 


•OH =-1.0 mA 


Output High Voltage 


VQH2 


3.5 






V 


Iqh = -100mA 



DC CHARACTERISTICS 



Notes: (T) Typical values at T a = 25°C and nominal supply voltage. 
(2) Current through all inputs and outputs included in IcCL- 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 
(All Input Pins) 


C|N 




4 


8 


pF 


V| N 0V 


Output 
Capacitance 


COUT 




8 


12 


pF 


vqut -ov 



CAPACITANCE 
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AC CHARACTERISTICS 



READ CYCLE 



,iPD5101L 



LOW VCC DATA RETENTION 
CHARACTERISTICS 



T a = 0°C to 70°C; V cc - 5V±5%, i 


nless otherwise specified 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


5101L 


5101L-1 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Read Cycle 


«RC 


650 






450 






ns 


Input pulse amplitude'. 
0.65 to 2.2 Volts 

Input rise and fall 
times: 20 ns 

Timing measurement 
reference level: 
1.5 Volt 

Output load: lyTL 

Gate and C|_ « 100 pF 


Access Time 


tA 






650 






45Q 


ns 


Chip Enable (CEi) 
to Output 


«C01 






600 






400 


ns 


Chip Enable (CE2) 
to Output 


«C02 






700 






500 


ns 


Output Disable to 
Output 


«0D 






350 






250 


ns 


Data Output to 
High Z State 


'DF 







150 







130 


ns 


Previous Read Data 
Valid with Respect 
to Address Change 


•OH1 
















ns 


Previous Read Data 
Valid with Respect 
to Chip Enable 


•OH 2 
















ns 



E 



WRITE CYCLE 



T a = 0°C to 70°C; V cc = 5V±5% 


unless otherwise specified 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


5101L 


5101L-1 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Write Cycle 


<WC 


650 






450 






ns 


Input pulse amplitude: 
0.65 to 2.2 Volts 

Input rise and fall 
times: 20 ns 
Timing measurement 
reference level: 
1.5 Volt 

Output load: IfTL 
Gate and C|_ = 
100 pF 


Write Delay 


'AW 


150 






130 






ns 


Chip Enable .(CTi) 
to Write 


<CW1 


550 






350 






' ns 


Chip Enable (CE2) 
to Write 


<CW2 


550 






350 






ns 


Data Setup 


<DW 


400 






250 






ns 


Data Hold 


'DH 


100 






50 






ns 


Write Pulse 


«WP 


400 






250 






ns 


Write Recovery 


'WR 


50 






50 






ns 


Output Disable Setup 


'DS 


150 






130 









0°C to 70°C 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Vcc f° r Data 
Retention 


VCCDR 


+2.0 






V 


CE2 < +0.2V 


Data Retention 
Current 


ICCDR 






+10 


MA 


VCCDR =+2.0V 
CE2 < +0.2V 


Chjp Deselect 
Setup Time 


»CDR 









ns 




Chip Deselect 
Hold Time 


tR 


tRC© 






ns 





Note: (T) tRC = Read Cycle Time 
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fiPD5101L 



READ CYCLE 



ADDRESS 



IX 



CE 2 



X 



OD 

(COMMON I/O) 



® 



DATA 
OUT 



\ 



'cor 



l C02- 



\ "* ,t OD" 



K 



x OH1" 



)C 



r 



x OH2- 



\. 



/ 



h- l DF-H 



DATA OUT 
VALID 



TIMING WAVEFORMS 



WRITE CYCLE 





r 


l WC 






ADDRESS ) 


f \ 


< 








t_.„. 


















f 




CE1 


^ 
















"2 J 


/■ 


t — 


\ 
















OD 
ON I/O)® / 


*DS 

- _ < 
l AWf- 


_ 




mm 








DATA 

IN _ . 


^/ DATA IN 
^\ STABLE 


) 
















l DW 




— t WR-» 




R/W 




"Y 




l WP 


/ 


r 







Notes: (T) Typical values are for T a = 25°C and nominal supply voltage. 

§OD may be tied low for separate I/O operation. 
During the write cycle, OD is "high" for common I/O and 
"don't care" for separate I/O operation. 



SUPPLY VOLTAGE (V rr l 



CHIP ENABLE (CE ] 






DATA RETENTION 



■© M0DE © 



© N 



/© 









■3> 



LOW V cc DATA RETENTION 



Notes: nj 4.75V 

© v 

V IH 

(7) 02V 



CCDR 
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/iPD5101L 



TYPICAL OPERATING 
CHARACTERISTICS 





'cc- 


-V CC (Ta) 




















T„ - 20° C / 
// 






j// 


r +20°Cy 
■+80' C 




J# 






<%^f^ 


S +20°C 
+110° C. 



VOH - 'OH < T »> 









Vcc 


-5V 
























\ 


v\> 










\\ 


\ 20° C 




T„ - +80°C \ I \ 
| \ +20° C \ 





v cc < v) 
Vol - >ol < T »> 







T a -+80°C / 


+20° C S 












+20° C 














































vcc 


-5V 



l ou (mA) 
t A -C L 









T„ - 25°C 
Vcc " 5V 










































T 











'oh <mA) 
tA-V CC <T») 







LOAD 


-ITTL + 


00 pF 




y\ 










\ 


sV 


^\T e 


- +80° C 






V 


^ 


.^+26° C 










20°C 


L ... 












100 200 300 400 BOO 

C L (PF) 




PACKAGE OUTLINE 
MPD5101LC 




ITEM 


MILLIMETERS 


INCHES 


A 


28.0 Max. 


1.10 Max. 


8 


1.4 Max. 


0.025 Max. 


c 


2.54 


0.10 


D 


0.60 0.10 


0.02 0.004 


E 


26.4 


1.0- • 


F 


1.40 


0.065 


G 


2.54 Mln. 


0.10 Mln. 


H 


0.5 Mln. 


0.02 Mln. 


1 


4.7 Max. 


0.18 Max. 


J 


6.2 Max. 


0.20 Max. 


K 


10.16 


0.40 


L 


8.5 


0.33 


M 


25 +0 - 10 
028 0.05 


001 ♦o- 004 

0.002 
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NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



pPD444 
MPD444-1 
pPD444-2 
M PD444-3 



1024 x 4-BIT STATIC CMOS RAM 



DESCRIPTION TheMPD444 is a high-speed, low power silicon gate CMOS 4096 bit static RAM orga- 
nized 1024 words by 4 bits. It uses DC stable (static) circuitry throughout and there- 
fore requires no clock or refreshing to operate. Data access is particularly simple since 
address setup times are not required. The data is read out non-destructively and has 
the same polarity as the input data. Common input/output pins are provided. 

CS controls the power down feature. In less than a cycle time after CS goes high — 
deselecting the/uPD444 — the part automatically reduces its power requirements 
and remains in this low power standby mode as long as CS is high. There is no mini- 
mum CS high time for device operation, although it will determine the length of time 
in the power down mode. When CS goes low, selecting the ;uPD444, the juPD444 
automatically powers up. 

The/xPD444 is placed in an 18-pin plastic package for the highest possible density. 
It is directly TTL compatible in all respects: inputs, outputs, and a single +5V 
supply. The /uPD444 is pin-compatible with the juPD21 14L NMOS Static RAM. 

Data retention is guaranteed to 2 volts on all parts. These devices are ideally suited 
for low power applications where battery operation or battery backup for non- 
volatility is required. 




FEATURES 



PIN CONFIGURATION 



Low Power Standby - 1 /xA Typ. 

Low Power Operation 

Data Retention - 2.0V Min. 

Capability of Battery Backup Operation 

Fast Access Time - 200-450 ns 

Identical Cycle and Access Times 

Single +5V Supply 

No Clock or Timing Strobe Required 

Completely Static Memory 

Automatic Power- Down 

Directly TTL compatible: All Inputs and Outputs 

Common Data Input and Output using Three-State Outputs 

Available in a Standard 18-Pin Plastic Package 

For Operation at +3V Power Supply, Contact the NEC Sales Office. 



PIN NAMES 




Ao-Ag 


Address Inputs 


WE 


Write Enable 


CS 


Chip Select 


1/01-1/04 


Data Input/Output 


v C c 


Power (+5V) 


GND 


Ground 



fiPD444 






MEMORY ARRA^ 

64 ROWS 

64 COLUMNS 






INPUT 

DATA 

CONTROL 






BLOCK DIAGRAM 



COLUMN 10 CIRCUITS 



COLUMN SELECT 




t 






t 



Operating Temperature -40 C to +85 C 

Storage Temperature -55 C to +125 C 

All Input and Output Voltages -0.3 to VrjC +0.3 Volts © 

Supply Voltage +8.0 Volts 

Note: © With Respect to Ground 
T a = 25°C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
T a = -40° C to +85° C; Vcc = +5V * 10% unless otherwise noted. 



ABSOLUTE MAXIMUM 
RATINGS* 



DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


4443 


444-2 


444-1 


444 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


"MAX 


Inout Leakage Current 


'LI 


-1.0 




1.0 


-1.0 




1.0 


-1.0 




1.0 


-1.0 




1.0 


mA 


V| N > GNDto V CC 


I/O Leakage Current 


'LO 


-1.0 




1.0 


-1.0 




1.0 


-1.0 




1.0 


-1.0 




1.0 


uA 


CS- V|H. V|/o = GND 
to Vcc 


Operating Supply 
Current 


'CCA1 




19 


35 




IB 


36 




12 


35 




9 


35 


mA 


CS- Vil, V| N - V CC , 
Outputs Open 


Operating Supply 
Current 


'CCA2 




23 


•0 




'9 


40 




16 


40 




12 


40 


mA 


CS- Vil, V| N = 2.4V, 
Outputs Open 


Average Operating 
Supply Current 


'CCA3 




10 


20 




9 


20 




8 


20 




7 


20 


mA 


V| N -GND or V C c, 
Outputs Open 1 =■ 1 MH*. 
Duty 50% 


Standby Supply Current 


'CCS 




' 


5 




1 


S 




1 


5 




1 


50 


uA 


CS- Vcc, V|N * GND 
to V CC 


Input Low Voltage 


VlL 


-0.3 




0.8 


-0.3 




0.8 


-0.3 




0.8 


-0.3 




0.8 


V 




Input High Voltage 


VlH 


24 




V C c + 0.3 


24 




Vcc + 0.3 


2.4 




Vcc ♦ 0.3 


2.4 




Vcc + 0-3 


V 




Output Low Voltage 


vol 






0.4 






0.4 






0.4 






0.4 


V 


l 0L - 2.0 mA 


Output High Voltage 


vqh 


2.4 






2.4 






2.4 






2.4 






V 


l H = -10 mA 



■■ 25 C, f = 1 MHz 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Input/Output Capacitance 


c l/0 






10 


pF 


V|/ O = 0V 


Input Capacitance 


C IN 






5 


pF 


V| N =0V 



CAPACITANCE 



Note: This parameter is periodically sampled and not 100% tested. 
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AC CHARACTERISTICS 



M PD444 



T a - -40°C to +85°C; V C c " +5V i 


10% unless otherwise noted. 
















PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


444-3 


444-2 


444.-1 


444 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN | MAX 


READ CYCLE 






Read Cycle 


'RC 


200 




250 




300 




450 




ns 


Input Pulse Levels: 
+0.8 to +2.4 Volts 
Input Rise and Fall 
Times: 10 ns 
Input and Output Timing 
Levels: 1.5 Volt 
Output Load: 1 TTL 
Gate and C|_ - 100 pF 


Address Access Time 


<AA 




200 




250 




300 




450 


ns 


Chip Select Access time (D 


'ACS! 




200 




250 




300 




450 


ns 


Chip Select Access Time © 


<ACS2 




250 




300 




350 




500 


ns 


Output Hold from Address Chenge 


<0H 


50 




50 




50 




50 




ns 


Chip Selection to Output in Low Z 


'LZ 


20 




20 




20 




20 




ns 


Chip Deselection to Output in High Z 


<HZ 




60 




70 




80 




10Q 


ns 


WRITE CYCLE 






Write Cycle Time 


<WC 


200 




250 




300 




450 




ns 


Input Pulse Levels: 
+0.8 to +2.4 Volts 
Input Rise and Fall 
Times: 10 ns 
Input and Output Timing 
Levels: 1.5 Volt 
Output Load: 1 TTL 
Gate and Cl - 100 pF 


Chip Selection to End of Write 


<CW 


180 




230 




250 




350 




ns 


Address Velid to End of Write 


'AW 


180 




230 




250 




350 




ns 


Address Setup Time 


'AS 






















ns 


Write Pulse Width 


'WP 


180 




210 




230 




300 




ns 


Write Recovery Time 


'WR 






















ns 


Data Valid to End of Write 


'DW 


120 




140 




150 




200 




ns 


Data Hold Time 


'DH 






















ns 


Write Enabled to Output in High Z 


•wz 




60 




70 




80 




1Q0 


ns 


Output Active from End of Write 


tQW 






















ns 



Notes: © Chip deselected for greater than 100 ns prior to selection. 

(D Chip deselected for a finite time that is less than 100 ns prior to selection. (If the deselect tir 
selected and access occurs according to Read Cycle No. 1 ,) 



s ns, the chip is by defir 




LOW VCC DATA 

RETENTION 

CHARACTERISTICS 



T a = -40° C to +85° C 



TIMING WAVEFORMS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Data Retention Supply 
Voltage 


VCCDR 


2.0 






V 


CS = V C C, V IN = Vcc 
to GND 


Data Retention Supply 
Current 


'CCDR 




0.01 


<2> 


M A 


V C C = 3V,CS*= V C C 
VlN = Vcc to GND 


Chip Deselect to Data 
Retention Time 


tCDR 









ns 




Operation Recovery 
Time 


tR 


tRC© 






ns 





Notes: (T) tpc = Read Cycle Time 

Q) 444-1,-2, -3: Value is 2 mA 
444 Value is 10 mA 

READ CYCLE © © 



EVIOUS DATA VALID ) VA X A DATA VALID 



X 



READ CYCLE © ® 



*Y 



OOUT 



3ANCE > i i— »- 



DATA VALID 



IMPEDANCE 
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PPD444 



x: 



WRITE CYCLE © ® 

'WC 



)C 



■j-nrr nTTT 



*EEt 



s- 



-GI 



°™ >nmm 



xx xxxxx 



HIGH IMPEDANCE 



FFFFFF 



Notes: (?) WE is high for Read Cycles. 

(2) Device is continuously selected, CS = Vj|_ 

(3) Address valid prior to or coincident with CS transition low. 

(4) If the CS low transition occurs simultaneously with the WE low transition, the 
output buffers remain in a high impedance state. 

(5) wl must be high during all address transitions. 

(6) tyyp is measured from the latter of CS or WE going low to the earlier of CS or WE 
going high. 

LOW VCC DATA RETENTION 






0-15° -*-l 



Plastic 



PACKAGE OUTLINE 
MPD444C 



ITEM 


MILLIMETERS 


INCHES 


A 


23.2 MAX. 


0.91 MAX. 


8 


1.44 


0.055 


C 


2.54 


0.1 


D 


0.45 


0.02 


E 


20.32 


0.8 


F 


1.2 


0.05 


G 


2.5 MIN. 


0.1 MIN. 


H 


0.5 MIN. 


0.02 MIN. 


I 


4.6 MAX. 


0.18 MAX. 


J 


5.1 MAX. 


0.2 MAX. 


K 


7.62 


0.3 


L 


6.7 


0.26 


M 


0.25 


0.01 



78 



444REV2-1 2-81 -CAT 



NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



/iPD446 
pPD446-1 
pPD446-2 
7iPD446-3 



2048 x 8-BIT STATIC CMOS RAM 



DESCRIPTION The /uPD446 is a high speed, low power, 2048 word by 8 bit static CMOS RAM 
fabricated using an advanced silicon gate CMOS technology. A unique circuitry 
technique makes the //PD446 a very low operating power device which requires 
no clock or refreshing to operate. Minimum standby power current is drawn by this 
device when C? equals VrjC independently of the other input levels. 

Data retention is guaranteed at a power supply voltage as low as 2V. 

The juPD446 is packaged in a standard 24-pin dual-in-line package and is plug-in 
compatible with 16K EPROMs. 

FEATURES • Single +5V Supply 

• Fully Static Operation — No Clock or Refreshing required 

• TTL Compatible — All Inputs and Outputs 

• Common I/O Using Three-State Output 

• OE Eliminates Need for External Bus Buffers 

• Max Access/Min Cycle Times Down to 150 ns 

• Low power Dissipation, 18 mA Max Active/1 O^A Max Standby/ 
10 juA Max Data Retention 

• Data Retention Voltage - 2V Min 

• Standard 24-Pin Plastic and Ceramic Packages 

• Plug-in Compatible with 16K EPROMs 

• Operating Temperature Range — -40°C to +85°C 




PIN-CONFIGURATION 




PIN NAMES 



A0-A10 


Address Inputs 


WE 


Write Enable 


oi 


Output Enable 


CS 


Chip Select 


1/01-1/08 


Data Input/Output 


vcc 


Power (+5V) 


GND 


Ground 



gndC 



TRUTH TABLE 



CS 


OE 


WE 


MODE 


I/O 


ICC 


H 


X 


X 


NOT SELECTED 


HZ 


STANDBY 


L 


H 


H 


NOT SELECTED 


HZ 


ACTIVE 


L 


L 


H 


READ 


D OUT 


ACTIVE 


L 


X 


L 


WRITE 


DlN 


ACTIVE 
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pPD446 



A4 — 
A5- 
A 6 _ 
A 7 _ 
AB- 
A9- 
A10- 



ADDRESS 
BUFFER 



CS-^or— 



ROW 
DECODER 



CELL ARRAY 

128 ROWS 
128 COLUMNS 



INPUT 

DATA 

CONTROL 



SENSE SWITCH 



COLUMN 
DECODER 



OUTPUT 

DATA 
CONTROL 



ADDRESS 
BUFFER 



Aq Ai A2 A3 




Supply Voltage 70V 

Input or Output Voltage Supplied -0.3 to VrjC + 0.3V 

Storage Temperature Range ; . . . . -55°C to 125°C 

Operating Temperature Range -40°C to +85°C 

T a = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of thg device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



BLOCK DIAGRAM 



ABSOLUTE MAXIMUM 
RATINGS* 



T a = -40° C to +85° C, V C c 


= 5.0V ± 10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


CONDITIONS 


MIN 


TYP 


MAX 


Input High Voltage 


V| H 


2.2 




vec 

+0.3 


V 




Input Low Voltage 


V lL 


-0.3 




0.8 


V 




Input Leakage Current 


'L| 


-1.0 




1.0 


ma 


V| N = 0~V CC 


I/O Leakage Current 


'LO 


-1.0 




1.0 


ma 


VCS = V IH 
Vl/O = 0~ V CC 


Operating Supply Current 


'CCAt 




© 


© 


mA 


VCS = V| L l|/ O = 
MIN TCYCLE 


'cCa 2 




5 


10 


mA 


VCS = V| L I|/ O = 
DC CURRENT 


ice A3 




30 


100 


MA 


V CS = 0.2V l|/o = 
V|m = V C c-0.2 
OR 0.2V 


Standby Current 


'cc s 






10 


m a 


V CS = VcC-0.2 
V|N = 0-V C C 


Output High Voltage 


V H 


2.4 






V 


Iqh = -1.0 mA 


Output Low Voltage 


vol 






0.4 


V 


Iql = 2 -° mA 



DC CHARACTERISTICS 



NOTE: MPD446: 12 mA TYP, 18 mA MAX 
MPD446-1 : 18 mA TYP, 26 mA MAX 
MPD446-2: 20 mA TYP, 30 mA MAX 
MPD446-3: 25 mA TYP, 38 mA MAX 
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CAPACITANCE 



; 26 C, f = 1.0 MHz 



MPD446 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


Input Capacitance 


C IN 




6 


pF 


V| N = 0V 


Input/Output Capacitance 


■C|/0 




8 


pF 


V|/o = ov 



AC CHARACTERISTICS 



READ CYCLE 



V C C " 5.0V t 10%, T 8 = -40°C to +85"C 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


WPD4463 


/JPD446-2 


MPD446-1 


MPD446 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Read Cycle Time 


<RC 


150 




200 




250 




450 




ns 


Address Access Time 


<AA 




150 




200 




250 




450 


Chip Select Access Time 


'ACS 




150 




200 




250 




450 


._"'.. 


Output Enable to Output Valid 


'OE 




75 




100 




120 




150 


Output Hold from Address Change 


<OH 


15 




15 




15 




15 




Chip Enable to Output in LZ 


'CLZ 


10 




10 




10 




10 




Output Enable to Output in LZ 


<OLZ 


5 




5 




5 




5 




ns 


Chip Disable to Output in HZ 


'CHZ 




50 




60 




80 




100 


ns 


Output Disable to Output in HZ 


<OHZ 




50 




60 




80 




100 



B 



WRITE CYCLE 



V CC - 5.0V i 10%, T a = -40°C to +85"C 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


MPD446-3 


jjPD446-2 


»iPD446-1 


tiPD446 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Write Cycle Time 


*wc 


150 




200 




250 




450 




ns 


Chip Enable to End of Write 


'CW 


120 




150 




180 




210 




Address Valid to End of Write 


'AW 


120 




150 




180 




210 




ns 


Address Setup Time 


tAS 






















ns 


Write Pulsewidth 


tWP 


90 




120 




150 




180 






Write Recovery Time 


l WR 






















Data Valid to End of Write 


'DW 


50 




60 




80 




100 




Data Hold Time 


<DH 




















100 


Write Enable to Output in HZ 


'WHZ 




50 




60 




80 




Output Active from End of Write 


t w 


10 




10 




10 




10 




ns 



LOW VCC DATA Tg = ~40°c to +85° c 
RETENTION 



PARAMETER 


SYMBOL 


TEST 
CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


VCC for Data Retention 


VCCDR 


V|N = 0~V C C, 

Vcs" = v C c 


2.0 






V 


Data Retention Current 


ICCDR 


V C C = 3.0V, 
V| N = 0~Vcc 

vcs = v cc 




0.01 


10 


HA 


Chip Deselection to Data 
Retention Time 


l CDR 











ns 


Operation Recovery Time 


<R 




l RC 






ns 
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/iPD446 

ADDRESS 



°OUT 



X 



READ CYCLE (1) 

tRC 



TIMING WAVEFORMS 



xw^v 



-»-tOLZ-*-| 



] <ZK 



X 



////// ///// 



w 



cs 



READ CYCLE (2) 

tRC 



\ 



/ 



W^ 



<& 



imiALiiiL 



DOUT — 

NOTES: 

® WE is high for read cycles. 
© Device is continuously selected, CS = V||_. 
(3) Address valid prior to or coincident with CS transition low. 

WRITE CYCLE (1) 

®@(D® 

ADDRESS 



J 



X 



7Z7 



S?5S£ 



X 



anrnzm. 




DOUT 



din 



-*-trjHZ-»-| 



15XXXS 



tOLZ 

-tow * 



^ 



<K M W 



NOTES: (T) WE must be high during all address transition. 

© A write occurs during the overlap of a low CS and a low WE. 

© *WR is measured from the earlier of CS or WE going high to the end of write cycle. 

@ If the CS low transition occurs simultaneously with or after the WE low transition, 
output buffers remain in a high impedance state. 
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//PD446 



TIMING WAVEFORMS 
(CONT.) 



©(D(D©(D 



cs 



din 



)( 



WRITE CYCLE (2) 

twc 



)( 



^S£ 



'ffinzzzm 




- )))))))))))) 



■« 



^M 



te^- E 



© WE must be high during ail address transition. 

(2) A write occurs during the overlap of a low CS and a low WE. 

® tyvR is measured from the earlier of CS or WE going high to the end of write cycle. 

(§) If the CS low transition occurs simultaneously with or after the WE low transition, 
output buffers remain in a high impedance state. 

© OE is continuously low (OE — V|[_). 



LOW VCC DATA RETENTION 
TIMING CHART 



V C C (5.0V) 



tCDR 




AC TEST CONDITIONS 



Input Pulse Levels 


0.8V to 2.2V 


Input Rise and Fall Times 


10 ns 


Input and Output Timing Reference Levels 


1.5V 


Output Load 


1 TTL+ 100 pF 
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M PD446 




PLASTIC 



PACKAGE OUTLINE 

MPD446C 

PLASTIC 



ITEM 


MILLIMETERS 


INCHES 


A 


33 MAX 


1.3 MAX 


B 


2.53 


0.1 


C 


2.54 


0.1 


D 


0.5 '. 0.1 


0.02 ' 0.004 


E 


27.94 


1.1 


F 


1.5 


0.059 


G 


2.54 MIN 


0.1 MIN 


H 


0.5 MIN 


0.02 MIN 


I 


5.22 MAX 


0.205 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.6 


L 


13.2 


0.52 


M 


+0.10 
0.25 

-0.05 


+0.004 
0.01 

-0.0019 




MPD446D 
CERDIP 



CERDIP 



ITEM 


MILLIMETERS 


INCHES 


A 


33.5 MAX 


1.32 MAX 


B 


2.78 


0.11 


C 


2.54 


0.1 


D 


0.46 


0.018 


E 


27.94 


1.1 


F 


1.5 


0.059 


G 


2.54 MIN 


0.1 MIN 


H 


0.5 MIN 


0.019 MIN 


I 


4.58 MAX 


0.181 MAX 


J 


5.08 MAX 


0.2 MAX 


K 


15.24 


0.6 


L 


13.5 


0.53 


M 


°<ll 


o.oi +0004 

-0.002 
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446DS-1-82-CAT 



NEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



pPD449 
pPD449-1 
M PD449-2 
/iPD449-3 



DESCRIPTION 



FEATURES 



PIN CONFIGURATION 



2048 x 8-BIT STATIC CMOS RAM 



The^PD449 is a high speed, low power, 2048 word by 8-bit static CMOS RAM fabri- 
cated using an advanced silicon gate CMOS technology. A unique circuitry technique 
makes the jzPD449 a very low operating power device which requires no clock or 
refreshing to operate. 

Since the device has two chip enable inputs, it is suited for battery backup applica- 
tions. Minimum standby power current is drawn by this device when CE1 or CE2 
equals Vqc independently of the other input levels. 

Data Retention is guaranteed at a power supply voltage as low as 2V. 

TheMPD449 is packaged in a standard 24-pin dual-in-line package and is plug-in com- 
patible with 16K EPROMs. 

• Single +5V Supply 

• Fully Static Operation - No Clock or Refreshing required 

• TTL Compatible - All Inputs and Outputs 

• Common Data Input and Output Using Three-State Output 

• Two Chip Enable Inputs for Battery Operation 

• Max Access/Min Cycle Times Down to 150 ns 

• Low Power Dissipation; 18 mA Max Active/10 /zA Max Standby/ 
lO^AMax Data Retention 

• Data Retention Voltage - 2V Min 

• Standard 24-Pin Plastic and Ceramic Packages 

• Plug-in Compatible with 16K EPROMs 

• Operating Temperature Range -40°C to +85°C 



B 



A7C 

AeC 

A5C 
A<C 
A3C 

A 2 C 
AlC 
AoC 

1/01 C 

I/02C 10 
1/03 C 11 
QNDC 12 



mpd 

449 



24 DVCC 
23 D A 8 
22 D A 9 
21 3WE 
20 DCE1 
19 D A 10 
18 3CE2 
17 Dl/08 
16 ZJl/07 
15 ^1/06 
14 Dl/05 
13 Dl/04 



PIN NAMES 



A0-A10 


Address Inputs 


w 


Write Enable 


CE1-CE2 


Chip Enable Inputs 


I/0I-I/08 


Data Input/Output 


vcc 


Power (+5V) 


GND 


Ground 



TRUTH TABLE 



CE1 


CE2 


Wl 


MODE 


I/O 


ICC 


X 


H 


X 


NOT SELECTED 


HZ 


STANDBY 


H 


L 


X 


NOT SELECTED 


HZ 


STANDBY 


L 


L 


L 


WRITE 


Din 


ACTIVE 


L 


L 


H 


READ 


DOUT 


ACTIVE 
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pPD449 



A 7 _ 
A 8 - 
Ag_ 
A10- 



ADDRESS 
BUFFER 



:P~: 



ROW 
DECODER 



CELL ARRAY 

128 ROWS 
128 COLUMNS 



BLOCK DIAGRAM 



INPUT 

DATA 

CONTROL 



SENSE SWITCH 



COLUMN 
DECODER 



OUTPUT 

DATA 
CONTROL 



ADDRESS 
BUFFER 



Ao A t A2 A3 



-tcrfB— 



Supply Voltage 7.0V 

Input or Output Voltage Supplied -0.3 to Vcc + 0.3V 

Storage Temperature Range -55°C to 125°C 

Operating Temperature Range -40°C to +85°C 

T a = 25°C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

V C C = 5V ± 1 0%, T a -40° C to +85° C 



ABSOLUTE MAXIMUM 
RATINGS* 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input High Voltage 


V|H 


2.2 




V C C *0.3 


V 




Input Low Voltage 


V|L 


0.3 




0.8 


V 




Input Leakage Current 


'LI 


-1.0 




1.0 


M 


V|N = - V CC 


I/O Leakage Current 


'LO 


1.0 




1.0 


kA 


Veil °' 
VCE2 ' V IH 
or V we - V| L 
V|/ "0 - V CC 


Operating Supply Current 


'CCA1 




© 


© 


mA 


V CE1 and 
V CE2 = V IL 
'I/O '0 
MIN TCYCLE 


'CCA2 




5 


10 


mA 


V CE1 and 
VCE2 = V IL 
'I/O = o 

DC CURRENT 


'CCA3 




30 


10 


j/A 


V CE1 and 
VCE2 = 0-2V 
V|N = V C C 0.2V 
or 0.2V 

'i/o -o 


Standby Current 


'CCS 






10 


MA 


V CE1 ° r V C?2 = 
V CC 0-2V 
V|N =° ~ V CC 


Output High Voltage 


V H 


2.4 






V 


'OH = -10 mA 


Output Low Voltage 


vol 






0.4 


V 


'OL = 2.0 mA 



DC CHARACTERISTICS 



NOTE: Q jjPD449: 12 mA TYP, 18 mA MAX 
MPD449-1 : 18 mA TYP, 26 mA MAX 
PPD449-2: 20 mA TYP, 30 mA MAX 
MPD449-3: 25 mA TYP, 38 mA MAX 
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CAPACITANCE 



T, = 25°C, f = 1.0 MHz 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MINI 


MAX 


Input Capacitance 


C|N 




6 


pF 


V|N = 0V 


Input/Output Capacitance 


C|/0 




8 


pF 


V|/ O = 0V 



fiPD449 



READ CYCLE 



AC CHARACTERISTICS 



Vcc - 5.0V t 10%, T a ■= -40°C to +85°C 




















PARAMETER 


SYMBOL 


LIMITS 


UNIT 


MPD449-3 


iuPD449-2 


HPD449-1 


M PD449 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Read Cycle Time 


<RC 


150 




200 




250 




450 




ns 


Access Time 


<A 




150 




200 




250 




450 


ns 


Chip Enable (CE1) to Output Valid 


<C01 




150 




200 




250 




450 


ns 


Chip Enable (CE2) to Output Valid 


<C02 




150 




200 




250 




450 


ns 


Output Hold from Address Change 


>OH 


15 




15 




15 




15 




ns 


Chip Enable (CE1) to Output in LZ 


«LZ1 


5 




5 




5 




5 




ns 


Chip Enable (CE2) to Output in LZ 


*LZ2 


5 




5 




5 




5 




ns 


Chip Enable (CE1 1 to Output in HZ 


*HZ1 




50 




60 




80 




100 


ns 


Chip Enable (CE2) to Output in HZ 


<HZ2 




50 




60 




80 




100 


ns 



B 



WRITE CYCLE 



V CC = 5.0V ± 10%, T 8 =■ -40°C to +85°C 




















PARAMETER 


SYMBOL 


LIMITS 


UNIT 


MPD449-3 


*iPD449-2 


MPD449-1 


/jPD449 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Write Cycle Time 


'wc 


150 




200 




250 




450 




ns 


Chip Enable (CE1I to End of Write 


<CW1 


120 




150 




180 




210 




ns 


Chip Enable (CE2) to End of Write 


*CW2 


120 




150 




180 




210 




ns 


Address Setup Time 


»AW 






















ns 


Write Pulsewidth 


<WP 


go 




120 




150 




180 




ns 


Write Recovery Time 


«WR 






















ns 


Write Enable to Output in HZ 


*WZ 




50 




60 




80 




100 


ns 


Output Active from End of Write 


tow 


10 




10 




10 




10 




ns 


Data Valid to End of Write 


«DW 


50 




60 




80 




100 




ns 


Data Hold Time 


*DH 






















ns 



LOW Vcc 
DATA RETENTION 



T a = -40° C to +85° C 



PARAMETER 


SYMBOL 


TEST 
CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


VCC f° r Data Retention 


VcCDR 


V| N = 0~V C c, 
V CE1 °r 
V CE2 = V CC 


2.0 






V 


Data Retention Current 


!CCDR 


V CC " 3.0V, 
V|N=0~ V CC 
VCE1 or 

V CE2 *" V CC 




0.01 


10 


MA 


Chip Disable to Data Retention Time 


*CDR 











ns 


Operation Recovery Time 


tR 




*RC 






ns 
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fiPD449 



DOUT 



X 



READ CYCLE TIMING CHART 

tRC 



TIMING WAVEFORMS 



V 



Y 



• — tcoi 

"LZ1 



m 



x 



/ 



/ 



-« tHZ2- 



w 



WRITE CYCLE TIMING CHART 



X 



-1WC- 



X 



sssst 



-tcwi- 



'/zrimzi 



53: 



/zzzizzzl 



^: 



DOUT 



din 



/ 



J 



<: 



( 



m 



*CDR 



V C C (5.0V) 
4.5V 



_VCCDR 
CE1 or CE2 

GND 



V| H -It 

CDR ~/**~ ---- 



-DATA RETENTION MODE »- 



LOW VCC 

DATA RETENTION 

TIMING CHART 
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pPD449 



AC TEST CONDITIONS 



Input Pulse Levels 


0.8V to 2.2V 


Input Rise and Fall Times 


10 ns 


Input and Output Timing Reference Levels 


1.5V 


Output Load 


1 TTL+ 100 pF 



PACKAGE OUTLINES 
//PD449C 
PLASTIC 




PLASTIC 



ITEM 


MILLIMETERS 


INCHES 


A 


33 MAX 


1.3 MAX 


B 


2.53 


0.1 


C 


2.54 


0.1 


D 


0.5 • 0.1 


0.02 ' 0.004 


E 


27.94 


1.1 


F 


1.5 


0.059 


G 


2.54 MIN 


0.1 MIN 


H 


0.5 MIN 


0.02 MIN 


I 


5.22 MAX 


0.205 MAX 


J 


5.72 MAX 


Q.225 MAX 


K 


15.24 


0.6 


L 


13.2 


0.52 


M 


+0.10 
0.25 

-0.05 


+0.004 
0.01 

-0.0019 



E 



MPD449D 
CERDIP 




~* 


--K— - 


* 








I I 




T M 


-•-0° - 


- 15° 


IVH 



CERDIP 



ITEM 


MILLIMETERS 


INCHES 


A 


33.5 MAX. 


1.32 MAX 


B 


2.78 


0.11 


C 


2.54 


0.1 


D 


0.46 


0.018 


E 


27.94 


1.1 


F 


1.5 


0.059 


G 


2.54 MIN 


0.1 MIN 


H 


0.5 MIN 


0.019 MIN 


I 


4.58 MAX 


0.181 MAX 


J 


5.08 MAX 


0.2 MAX 


K 


15.24 


0.6 


L 


13.5 


0.53 


M 


»<-«° 


o.oi +oxm 

-0.002 



449DS-1-82-CAT 
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SEC 

NEC Electronics U.SA Inc. 

Microcomputer Division 



MEMORIES 

FIELD PROGRAMMABLE READ ONLY MEMORIES Wi 



NEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



M PB406/406- 1/406-2 

M PB426/426- 1/426-2 

1024 WORD BY 4-BIT 

4096-BIT BIPOLAR TTL PROM 



Description 

The /iPB406 and //.PB426 are high-speed, electrically pro- 
grammable, fully decoded 4096-bit TTL read-only memo- 
ries. On-chip address decoding, two chip-enable inputs 
and open-collector/three-state outputs allow easy expan- 
sion of memory capacity. The //.PB406 and /*PB426 are 
fabricated with logic level zero (low); logic level one (high) 
can be electrically programmed into the selected bit loca- 
tions. The same address inputs are used for both 
programming and reading. 

Features 

□ 1 024 word x 4 bit organization (fully decoded) 

□ TTL interface 

□ Fast Read Access Time: 50 ns max. OuPB406-2, 
AiPB426-2) 

□ Power consumption: 500 mW typ. 

□ Two Chip Select inputs for memory expansion 

□ Open-collector output (//,PB406) 
Three-state outputs (/uPB426) 

□ Ceramic and plastic 18-lead dual in-line packages 

□ Fast programming time: 200 /xs/bit typ. 

□ Compatible with: 7642/7643, 6352/6353 types and 
equivalent devices (as a ROM) 

□ A.I.M. (Avalanche Induced Migration), Shorted-junction 
technology 

Pin Configuration 



A 6 C 
A,C 
A<C 
A 3 C 
A C 
A,C 
A 2 C 

C5,C 

GNDt 



406/ 
426 



Dv cc 
3 a, 
Da, 

:a, 

DO, 
Do 2 

Do, 
DO, 
DCS, 



the sensed voltage indicates that the selected bit is in the 
logic one state, an additional pulse train is applied, then 
stopped. 

Reading 

To read the memory, both of the two chip select inputs 
should be held at logic zero (low). The outputs then corre- 
spond to the data programmed in the selected words. 
When either or both of the two chip select inputs are at 
logic one (high), all the outputs will be high (floating). 

Block Diagram 



4096-bit 

(64 x 64) 

Memory Cells 

Array 



Multiplexer 



H UH II 



Multiplexer 
II I I II II 



Multiplexer 
II I I II II 



Multiplexer 



Word Decoder 



Address Buffer 



Address 
Buffer 



Output 
Buffer 



-Oo, 



Output 
Buffer 



Output 
Buffer 



Output 
Buffer 



-Oo 2 



•Oft 



-Oo. 



Chip 
Select 



A„ A, A 2 A, A 4 A s A 6 A, A 8 A, C5, CS, 



Absolute Maximum Ratings* 



Pin Names 




"0""9 


Address Inputs 


o,-o 4 


Data Outputs 


cs,,cs 2 


Chip Selects 


"cc 


Power (+ 5V) 


GND 


Ground 



Operation 

Programming 

A logic one can be permanently programmed into a 
selected bit location by using a programmer. First, the 
desired word is selected by the ten address inputs in TTL 
levels. Either or both of the two chip select inputs must be 
at a logic one (high). Secondly, a train of high-current 
programming pulses is applied to the desired output. After 



T a = 25°C 


Operating Temperature 


-25°Cto+75°C 


Storage Temperature 


-65°Cto + 150°C 


All Output Voltages 


-0.5 to + 5.5 Volts 


All Input Voltages 


-0.5 to + 5.5 Volts 


Supply Voltage V cc 


-0.5 to +7.0 Volts 


Output Currents 


50 mA 
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*COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma- 
nent damage. The device is not meant to be operated 
under conditions outside the limits described in the opera- 
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



M PB406/426 



DC Characteristics 

T a = 0°C to +75°C, V cc = 4,50V to 5.50V 






Parameter 


Symbol 




Limits 


Unit 


Test Conditions 


Mln. 


TVp. 


Max. 


Input High Voltage 


v,„ 


2.0 






V 




Input Low Voltage 


V, L 






0.8 


V 




Input High Current 


t L 






40 


ma 


V, = 5.5V, V cc = 5.5 V 


Input Low Current 


-I. 






0.5 


mA 


V, = 0.4V, V cc = 5.5V 


Output Low Voltage 


Vol 






0.45 


V 


l„= 16mA,V cc = 4.5V 


Output Leakage Current 


u, 






40 


/iA 


V„ = 5.5V, V cc = 5.6V 


Output Leakage Current 


-u. 






40 


^A 


V = 0.4V, V cc = 5.5V 


Input Clamp Voltage 


-Vic 






1.3 


V 


I, = -18 mA, V CC = 4.5V 


Power Supply Current 


Ice 




100 


150 


mA 


All Inputs Grounded 


Output High Voltage© 


V H 


2.4 






V 


\= - 2.4mA 


Output Short Circuit 
Current® 


-kc 


15 




60 


mA 


v = ov 



NOTE: 

® Applicable to /xPB426 only. 

Capacitance 

T a = 25 «C, f = 1 MHz, V oc ■ 5.0V, V,,, - 2.5V 



Characteristics Symbol Mln. Max. 


Unit 


Input Capacitance Q N 8 


PF 


Output Capacitance Cout 10 


PF 


AC Characteristics 

T a = 0°C to + 75°C, V cc = 4.50V to 5.50V 


MPB40B M PB406-1 MPB406-2 
/xPB426 /xPB426-1 nPB426-2 
Parameter Symbol ^ ^ ^ ^ ^ ^ Unit 


Test 
Conditions 



Address Access . 
Time " 


70 


60 


50 


ns 


Chip Select . 
Access Time ACB 


45 


40 


30 


ns 



30 pF 



, y O, (OUT) 

I 
I 
I 

I 
I 
I 



Figure i 

Notes: 

© Output Load: See Figure! 

© Input Waveform: 0.0V for low level and 3.0V for high level, less than 10 

ns for both rise and fall times. 
® Measurement References: 1.5V for both inputs and outputs. 
© Q. in Figure 1 includes jig and probe stray capacitances. 



Programming Specification 

You must rigorously observe this specification in order to 
program the /xPB406 and ;u,PB426 correctly. NEC will not 
accept responsibility for any device found to be defective if 
it was not programmed according to this specification. 

A typical programming operation is performed by sensing, 
programming, and sensing again to find out if the word to 
be programmed has reached the desired state. Either or 
both of the two chip enable inputs must be at a logic one 
(high). 

Sensing is accomplished by forcing a 20 mA current into 
the selected location via the output. The sense measure- 
ment ensures that the voltage required to force this 20 mA 
current is less than the reference voltage. If this condition is 
satisfied, then that bit location is in the logic one (high) 
state. 

Programming is accomplished by forcing a 200 mA current 
into the selected bit via the output. The current pulse is 
applied for 7.5 /xs and then the location is sensed before a 
second programming current pulse is applied. This process 
continues until the selected bit is altered to the one state. 
You can tell that a bit is programmed when two successive 
sense readings, 10 ^s apart with no intervening program- 
ming pulse, pass the limit. When this condition has been 
met, four additional pulses are applied, and the sense cur- 
rent is terminated. 



Characteristic 



Limit 



Unit 



Notes 



Ambient Temperature 



Programming pulse 








Amplitude 


200 ± 5% 


mA 




Clamp voltage 


28+0% -2% 


V 




Ramp rate (both In rise 








and In fall) 


70 max. 


V/^s 




Pulse width 


7.5 ± 5% 


V* 


15V point/ 
150Oload. 


Duty cycle 


70% mln. 






Sense current 








Amplitude 


20 ± 0.5 


mA 




Clamp voltage 


28+0% -2% 


V 




Ramp rate 


70 max. 


V/^s 


15V point/ 
150nioad. 


Sense current Interruption 








before and after address 








change 


10 mln. 


/XS 





Programming V c , 



5.0 + 5% - 0% 



Maximum sensed voltage 
for programmed one 



Delay from trailing edge of 
programming pulse before 
sensing output voltage 



Additional Pulse Train 




— —I h» — 10us 



Output Voltage Sensing 
Figure 2 - Typical Output Voltage Waveform 



- 28V Clamp 
200 mA Program Pulse 
---100 mA Point 

20 mA Sensing (Before P) 
-7.0V Ref. 
x N 20 mA Sensing (After P) 
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Package Outlines 
M PB406/426C PLASTIC 



*iPB406/426 




Plastic 



Qualified Programming Equipment 



MPB406/426D CERDIP 




Cerdip 



Item 


Millimeters 


Inches 


A 


23.2 Max. 


0.91 Max. 


B 


1.44 


0.055 


C 


2.54 


0.1 


D 


0.45 


0.02 


E 


20.32 


0.8 


F 


1.2 


0.06 


G 


2.5 Min. 


0.1 Min. 


H 


0.5 Mln. 


0.02 Min. 


1 


4.6 Max. 


0.18 Max. 


J 


5.1 Max. 


0.2 Max. 


K 


7.62 


0.3 


L 


6.7 


0.26 


M 


0.25 


0.01 



Item 


Millimeters 


Inches 


A 


23.2 Max. 


0.91 Max. 


B 


1.44 


0.055 


C 


2.54 


0.1 


D 


0.45 


0.02 


E 


20.32 


0.8 


F 


1.2 


0.06 


G 


2.5 Mln. 


0.1 Min. 


H 


0.5 Min. 


0.02 Min. 


1 


4.6 Max. 


0.18 Max. 


J 


5.1 Max. 


0.2 Max. 


K 


7.62 


0.3 


L 


6.7 


0.26 


M 


0.25 


0.01 



Approved 
Manufacturer 


Model No. 


Personality 
Module 


Socket Adaptors 


Data I/O 
Issaquah, WA 


5, 7, 9, 17, 19 


919-1555 


715-1305-5 


Minato Electronics 
Tokyo, Japan 


1802 


M PB4XX 


SA-18/B426 


Takeda Riken 
Tokyo, Japan 


TR-429 B 


PZ 3834 


WZ3256-78 


Tokyo Data 
Tokyo, Japan 


PECKER-0 


UN-711F 


AD-7115 



D 
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SEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



/iPB409 

fiPB429 

//PB409-1 

pPB429-1 

fiPB409-2 

M PB429-2 



2048 WORD BY 8 BIT BIPOLAR TTL 
PROGRAMMABLE READ ONLY MEMORY 



DESCRIPTION The/xPB409 and /zPB429 are high-speed, electrically programmable, fully-decoded 
16384 bit TTL read only memories. On-chip address decoding, three chip enable 
inputs and open-collector/three-state outputs allow easy expansion of memory 
capacity. The juPB409 and £tPB429 are fabricated with logic level zero (low); logic 
level one (high) can be electrically programmed into the selected bit locations. The 
same address inputs are used for both programming and reading. 



FEATURES 



2048 WORDS x 8 BITS Organization (Fully Decoded) 

TTL Interface 

Fast Read Access Time :50 ns MAX 

Medium Power Consumption :500 mW TYP 

Three Chip Enable Inputs for Memory Expansion 

Open-Collector Outputs (/iPB409) 

Three-State Outputs (mPB429) 

Ceramic 24-Lead Dual In-Line Package (MPB409D, juPB429D) 

Plastic 24-Lead Dual In-Line Package (/xPB409C, juPB429C) 

Fast Programming Time :200 /xs/bit TYP 

Replaceable with :82S190/191 

HM761 60/761 61, 3636 
and Equivalent Type Devices 



D 



PIN CONFIGURATION 



A 7 


c 


1 


"V-/ 


24 


3 


v C c 


A 6 


c 


2 




23 


3 


A8 


A 5 


c 


3 




22 


3 


A 9 


A 4 


c 


4 




21 


3 


A10 


A 3 


c 


5 




20 


3 


CE1 


A 2 


c 


6 


/uPB 
409/ 


19 


3 


CE 2 


A1 


c 


7 


429 


18 


3 


CE3 


A 


c 


8 




17 


3 


OS 


Oi 


c 


9 




16 


3 


O7 


o 2 


c 


10 




15 


3 


06 


3 


c 


11 




14 


3 


5 


JND 


l: 


12 




13 


3 


4 



PIN NAMES 



A0-A10 


Address Inputs 


CEVCE3 


Chip Enable Inputs 


Oi-0 8 


Data Outputs 
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jiPB409/429 

Supply Voltage -0.5 to +7.0V 

Input Voltage -0.5 to +5.5V 

Output Voltage -0.5 to +5.5V 

Output Current 50 mA 

Operating Temperature -25 C to +75 C 

Storage Temperature 

Ceramic Package -65°C to +150°C 

Plastic Package -55°C to +125°C 

T a = 25°C 

♦COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



ABSOLUTE 
MAXIMUM RATINGS* 



T a = 0°Cto75"C, V C c = 


4.5 to 5.5V 










CHARACTERISTIC 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


Input High Voltage 


V| H 


2.0 






V 




Input Low Voltage 


V)L 






0.85 


V 




Input High Current 


l|H 






40 


"A 


V|-5.5V, Vcc=5.5V 


Input Low Current 


-'IL 






0.25 


mA 


Vr0.4V.Vcc~5.5V 


Output Low Voltage 


vol 






0.45 


V 


IO=16mA, Vrx =4 -5V 


Output Leakage Current 


'0FF1 






40 


uA 


Vo=5.5V, Vcc=55V 


Output Leakage Current 


-'0FF2 






40 


uA 


Vo=0.4V, Vcc = 5.5V 


Input Clamp Voltage 


-V|C 






1.3 


V 


l|--18mA, VcC' 4 -5V 


Power Supply Current 


ice 




100 


160 


mA 


All inputs Grounded, Vcc*5.5V 


Output High Voltage* 


VOH 


2.4 






V 


lO— 2.4 mA, V C C=4.5V 


Output Short Circuit Current* 


_, sc . 


20 




70 


mA 


Vq=0V 



DC CHARACTERISTICS 



•Note: Applicable to uPB429 



T a = 25 C, f = 1 MHz, VfJC = 5V, V)N = 2.5V 



CHARACTERISTICS 


SYMBOL 


MIN 


MAX 


UNIT 


Input Capacitance 


ClN 




!S 


PF 


Output Capacitance 


COUT 




10 


PF 



CAPACITANCE 



T a = 0°Cto75°C, V C C = 4.5to5.5V ©©©© 



CHARACTERISTIC 


SYMBOL 


MPB409-2, M PB429 2 


M PB409-1, 


fiPB429-1 


(iPB409, MPB429 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Address Access Time 


'AA 




50 




60 




70 


ns 


Chip Enable Access Time 


l ACE 




30 




40 




50 


ns 


Chip Enable Disable Time 


<DCE 




30 




40 




50 


ns 



AC CHARACTERISTICS 



/f7 



vcc 



Ri 



T30 P F R2 



/77 



FIGURE 1 



-OOi (DUT) 



NOTES: © Output Load: See Fig. 1. 

S Input Waveform: 0.0V for low level and 3.0V for high level, less than 10ns for both rise and fall times. 
Measurement References: 1.5V for both inputs and outputs. 
(4) C(_ in Fig. 1 includes jig and probe stray capacitances. 
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jiPB409/429 



OPERATION You can program only when the outputs are disabled by any one of the chip enable 

inputs. This insures that the output will not be damaged when you apply programming 
voltages. 

Programming 

You can permanently program a logic one into a selected bit location by using special 
equipment (programmer). First, disable the chip as described above. Second, apply a 
train of high-current programming pulses to the desired output. Apply an additional 
pulse train after the sensed voltage indicates that the selected bit is in the logic one 
state. Then, stop the pulse train. 

Reading 

To read the memory, enable the chip (i.e., CEi =0, CE2 = CE3 = 1).The outputs then 
correspond to the data programmed into the selected words. When the chip is dis- 
abled, all the outputs will be in a high impedance (floating) state. 



LOGIC DIAGRAM 



16,384 BIT 

(128x128) 

MEMORY CELLS 

ARRAY 



WORD DECODER 



ADDRESS BUFFER 



MULTIPLEXER 



II II II II 



MULTIPLEXER 



u u u u 
n n n n 



MULTIPLEXER 
" 'I II H 



MULTIPLEXER 



ADDRESS 
BUFFER 



Aq A1A2A3A4A5A6 A 7 As Ag A10 



OUTPUT 
BUFFER 



OUTPUT 
BUFFER 



OUTPUT 
BUFFER 



OUTPUT 
BUFFER 



CE' 



CHIP 
ENABLE 



TTttUV TTTT TIT 



CETCE2CE3 




-O o 2 



-O °7 



-O o 8 
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It is imperative that this specification be rigorously observed irr order to correctly 
program the /zPB409 and //PB429. NEC will not accept responsibility for any device 
found to be defective if it was not programmed according to this specification. 



PROGRAMMING 
SPECIFICATION 



CHARACTERISTIC 


LIMIT 


UNIT 


NOTES 


Ambient Temperature 


25 ±5 


°C 




Programming Pulse 
Amplitude 
Clamp Voltage 

Ramp Rate (Both in Rise and in Fall) 
Pulse Width 
Duty Cycle 


200 ± 5% 
28 + 0% - 2% 
70 MAX 
7.5 ± 5% 
70%MIN 


mA 

V 
V/ms 

MS 


15V point/1 50n load 


Sense Current 
Amplitude 
Clamp Voltage 
Ramp Rate 

Sense Current Interruption before 
and after address change 


20 ± 0.5 

28 + 0% - 2% 

70 MAX 

10MIN 


mA 
V 

V/ms 

MS 


15V point/1 SOW load 


Programming Vcc 


5.0 + 5% -0% 


V 




Maximum Sensed Voltage* 
for programmed "V 


7.0 ± 0.1 


V 




Delay from trailing edge of programming 
pulse before sensing output voltage 


0.7 MIN 


MS 





"A bit is judged to be programmed when two successive sense readings 10 ms apart with no 
intervening programming pulse pass the limit. When this condition has been met, four addi- 
tional pulses are applied, then the sense current is terminated. 



ADDITIONAL PULSE TRAIN 




. 28V CLAMP 

■ 200 mA PROGRAM PULSE 

• 100 mA POINT 

. 20 mA SENSING (BEFORE PROGRAMMING) 

■ 7.0V REF 

• 20 mA SENSING (AFTER PROGRAMMING! 

• GND 



TYPICAL OUTPUT 
VOLTAGE WAVEFORM 



OUTPUT VOLTAGE SENSING 



APPROVED 
MANUFACTURER 


MODEL NO. 


PERSONALITY 
MODULE 


SOCKET ADAPTORS 


Data I/O 
Issaquah, WA 


5, 7,9, 17, 19 


919-1555 


715-1628-2 


Minato Electronics 
Tokyo, Japan 


1802 


MPB4XX 


SA-24-/B429 


Takeda Riken 
Tokyo, Japan 


TR-429 B 


PZ 3834 


WZ3256-123 


Toyo Data 
Tokyo, Japan 


PECKER-O 


UN-711F 


AD-7118 



PROGRAMMING 
EQUIPMENT 
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PACKAGE OUTLINE 
MPB409C/429C 




(Plastic) 



ITEM 


MILLIMETERS 


INCHES 


A 


33 MAX 


1.3 MAX 


B 


2.53 


0.1 


C 


2.64 


0.1 


D 


0.5 i 0.1 


0.02 • 0.O04 


E 


27.94 


1.1 


F 


1.5 


0.059 


G 


2.54 MIN 


0.1 MIN 


H 


0.5 MIN 


0.02 MIN 


I 


5.22 MAX 


0.205 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


o.e 


L 


13.2 


0.52 


M 


„ *0.10 
0.25 

-0.05 


«5.004 

0.01 

-0.0019 



MPB409D/429D 





(Cerdip) 



ITEM 


MILLIMETERS 


INCHES 


A 


33.5 MAX 


1.32 MAX 


B 


2.78 


0.11 


C 


2.54 


0.1 


D 


0.46 


0.018 


E 


27.94 


1.1 


F 


1.5 


0.069 


G 


2.54 MIN 


0.1 MIN 


H 


0.5 MIN 


0.019 MIN 


: 


4.58 MAX 


0.181 MAX 


j 


5.08 MAX 


0.2 MAX 


K 


15.24 


0.8 


L 


13.5 


0.53 


M 


25* ' 10 
-0.06 


°<Z 
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NEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



/1PB450 



9216 BIT FIELD PROGRAMMABLE LOGIC ARRAY 



DESCRIPTION 



FEATURES 



The juPB450 is a bipolar, 9, 216-bit field programmable logic array. It includes 24 
input and 16 output lines, 72 product terms, input 2-bit decoders, and 16-bit feedback 
registers. This provides an extremely versatile organization. Interconnection of internal 
AND-OR arrays is performed electrically by the proven, avalanche induced migration 
method which is widely used in NEC Bipolar PROM technology. 

24 Input Terminals 

16 Output Terminals with Latches 

72 Product Terms 

16 Feedback Loops with J-K Flip Flops 

20 2704 Input Decoders 

80 x 72 AND-Array Elements 

72 x 48 OR-Array Elements 

Scan Path (Shift Register Mode) Capability of J-K Flip Flops 

TTL Compatible 

Single +5V Supply 

48 Pin Ceramic Dual-ln-Line Package 




PIN CONFIGURATION 



'11 


C 


1 ^ -48 


3 


'10 


C 


2 


47 


3 


"9 


C 


3 


46 


3 


'8 


C 


4 


45 


3 


■7 


C 


5 


44 


3 


'6 


C 


6 


43 


3 


>5 


C 


7 


42 


3 


U 


C 


8 


41 


3 


"3 


C 


g 


40 


3 


'2 


c 


10 


39 


3 


'1 


c 


11 


38 


3 


io 


c 


1 2 M PB450 37 


3 


GND 


c 


13 


36 


3 


ADE 


c 


14 


35 


3 


00 


c 


15 


34 


3 


Ol 


c 


16 


33 


3 


o 2 


c 


17 


32 


3 


3 


c 


18 


31 


3 


O4 


c 


19 


30 


3 


O5 


c 


20 


29 


3 


06 


c 


21 


28 


3 


O? 


c 


22 


27 


3 


CE 


c 


23 


26 


3 


CKn 


□ 


24 


25 


3 



23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

V C C 
QOT 

o 8 

09 
O10 

On 
012 

013 

o 14 

016 

RESET 
CKt 



PIN NAMES 



l ~l 23 


Input 


o ~o 15 


Outputs 


ADE 


Mode Control 


QOT 


Shift Register 
Output (Mode 2) 


CE 


Output and Mode 
Control 


CKO 


Output Latch 
Control 


CK1 


Feed Back Register 
Clock 


RESET 


Feed Back Register 
Reset 


VCC 


Power Supply 
(+5V) 


GND 


Ground 



450DS-1-82-CAT 
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/iPD2716 
/iPD2716-2 



16,384 (2K X 8) BIT UV ERASABLE PROM 



DESCRIPTION The/iPD2716 is a 16,384 bit (2048 x 8 bit) Ultraviolet Erasable and Electrically Pro- 
grammable Read-Only Memory (EPROM). It operates from a single +5 volt supply, 
making it ideal for microprocessor applications. It offers a standby mode with an 
attendant 75% savings in power consumption, and is compatible with the juPD2316E as 
a ROM. This allows for economical change-over to a masked ROM for production 
quantities, where desired. 



FEATURES 



The mPD2716 features fast, simple one pulse programming controlled by TTL level 
signals. Total programming time for all 16,384 bits is only 100 seconds. 

Ultraviolet Erasable and Electrically Programmable 

Access Time — 390 ns Max 

Single Location Programming 

Programmable with Single Pulse 

Low Power Dissipation Standby Mode 

Input/Output TTL Compatible for Reading and Programming 

Pin Compatible to /uPD231 6E, MPD446 and /uPD401 6. 

Single +5V Power Supply 

24 Pin Ceramic DIP 

Three-State Outputs 



□ 



PIN CONFIGURATION 



(0V) 



Dvcc <+5V) 




75F 



Qq-o? 

fJf/PGM 



PIN NAMES 



Addresses 



Output Enable 



Data Outputs 



Chip Enable/Program 



TABLE 1. MODE SELECTION 



^■n.^^ PINS 
MODE^**"^. 


CE/PGM 


OE 


Vpp 


v C c 


OUTPUTS 


Read 


VlL 


V|L 


+5 


+5 


DouT 


Standby 


V|H 


Don't Care 


+5 


+5 


HighZ 


Program 


Pulsed V|l to Vm 


V|H 


+25 


+5 


D|N 


Program Verify 


VlL 


VlL 


+25 


+5 


DOUT 


Program Inhibit 


VlL 


V| H 


+25 


+5 


HighZ 



Vm and V||_ are TTL high level ("1") and TTL low level 
("0") respectively. 

Rev/1 
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I*PD2716 



v CCO- 



DATA OUTPUTS 
Oo-0 7 



BLOCK DIAGRAM 



GNDO- 
VppO- 







, 


i i 


| || i 


f ♦ 












OUTPUT ENABLE 

CHIP ENABLE AND 

PGM LOGIC 




OUTPUT BUFFERS 




^ 


" 










Y 
DECODER 


Y-GATING 




• 
• 






X 
DECODER 


16,384 BIT 
CELL MATRIX 








• 
• 
• 
• 
• 








=£ 



























__ OE 

CE/PGM 



Ao-AlO 
ADDRESS < 
INPUTS 



Operating Temperature -10°C to +80°C 

Storage Temperature -65 C to +125 C 

Output Voltage -0.3 to +6 Volts 

Input Voltage -0.3 to +6 Volts 

Supply Voltage V cc -0.3 to +6 Volts 

Supply Voltage Vpp -0.3 to +26.5 Volts 

T a = 25°C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



T a = 25°C; f = 1 MHz 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C|N 




4 


6 


pF 


V|N = 0V 


Output Capacitance 


COUT 




8 


12 


pF 


VOUT = 0V 



READ MODE AND STANDBY MODE 

T 8 = 0°C ~ 70°C; V C C © = +5V ± 5%; Vpp © © = V C C * 0.6V 0) 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


Output High Voltage 


v OH 


2.4 






V 


l 0H - -400 nA 


Output Low Voltage 


v OL 






0.46 


V 


lOL " 2.1 mA 


Input High Voltage 


V| N 


2.0 




v« + i 


V 




Input Low Voltagt 


V IL 


-0.1 




0.8 


V 




Output Leakage Currant 


'LO 






10 


n* 


V UT " 52 5 v 


Input Leakage Currant 


t|L 






10 


„A 


V, N - S.25V 


Vpp Currant 


'PPI 






5 


IDA 


Vpp - 5.85V 


V cc Currant (f) 


■cci 




10 


25 


mA 


CE/PGM ■ V|H OE - V |L Standby Moot 


'CC2 




57 


100 


mA 


CE/PGM - V |L Ot - V, L Read Mode 



Notas: © Vcc must be applied simultaneously or before Vpp and removed after Vpp. 

(5) Vpp may be connected directly to Vcc ( + 5V) at read mode and standby mode. 

The supply current would then be the sum of Ippi and Ice ('CC1 ° r 'CC2'- 
© The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp 

supply pin from +25 V to +5V. 



ABSOLUTE MAXIMUM 
RATINGS* 



CAPACITANCE 



DC CHARACTERISTICS 
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DC CHARACTERISTICS 
(CONT.) 



AC CHARACTERISTICS 



fiPD2716 



PROGRAM. PROGRAM VERIFY AND PROGRAM INHIBIT MODE 

T a = 25°C ± 5°C; V C C © " + 5V ± 5%; Vpp ©@ = +25V ± 1V 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


Input High Voltage 


VlH 


2.0 




v cc +1 


V 




Input Low Voltage 


V IL 


-0.1 




0.8 


V 




Input Leakage Current 


■it. 






10 


M 


V (N - 5.25V/0.45V 


Vpp Current 


'pPI 






5 


mA 


__ Program Verify 
CE/PGM -V,, 

,L - Program Inhibit 


lpp 2 






30 


mA 


51/PGM - V|H Program Mode 


Vqq Current 


'cc 






100 


mA 





READ MODE AND STANDBY MODE 



T a = 0°C to +70" C; V r r©= +5V ± 5%; V DD ©@ = Vr-r- ± 0.6V® 



'CC 



CC : 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Address to Output Delay 


»ACC 






© 


ns 


CE/PGM = 51 = V| L 


CE/PGM to Output Delay 


tCE 






© 


ns 


6T=v, L 


Output Enable 
to Output Delay 


tOE 






120 


ns 


C"e7PGM = V|[_ 


Output Enable High 
to Output Float 


*DF 







100 


ns 


CE/PGM = V|l 


Address to Output Hojd 


tQH 









ns 


CE/PGM = OE = V| L 



D 



Test Conditions 

Output Load: 1 TTL gate and C|_ = 100 pF 

Input Rise and Fall Times: 20 ns 

Input Pulse Levels: 0!8 to 2.2V 



Timing Measurement Reference Level: 
Inputs: 1.0V and 2.0V 
Outputs: 0.8V and 2.0V 



PROGRAM. PROGRAM VERIFY AND PROGRAM INHIBIT MODE 



T a = 25° C ± 5°C; V cc ©= +5V ± 5%; V pp 



,<D®. 



+25V ± 1V 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Address Setup Time 


tAS 


2 






/^s 




OE Setup Time 


tOES 


2 






J*s 




Data Setup Time 


<DS 


2 






lis 




Address Hold Time 


tAH 


2 






US 




OE Hold Time 


»OEH 


2 






A«s 




Data Hold Time 


tDH 


2 






fs 




Output Enable to Output Float Delay 


tDF 







120 


ns 


CE/PGM = V|L 


Output Enable to Output Delay 


tOE 






120 


ns 


CE7PGM = V|L 


Program Pulse Width 


tPW 


45 


50 


55 


ms 




Program Pulse Rise Time 


tPRT 


5 






ns 




Program Pulse Fall Time 


tPFT 


5 






ns 





Test Conditions: 

Input Pulse Levels 0.8V to 2.2V Output Timing Reference Level. . .0.8V and 2V 

Input Timing Reference Level 1V and 2V 

Notes: Q) Vcc mu$t be applied simultaneously or before Vpp and removed after Vpp. 

@ Vpp may be connected directly to Vcc ( + 5V| at read mode and standby mode. 

The supply current would then be the sum of lpp-| and Ice ('CC1 or 'CC2l- 
Q) The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp 

supply pin from +25V to +5V. 

Q) During programming, program inhibit, and program verify, a maximum of +26V 
should be applied to the Vpp pin. Overshoot voltages to be generated by the Vpp 
power supply should be limited to less than +26V. 

(5) nPD2716 450 ns 
«iPD2716-2 390 ns 
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jiPD2716 



READ MODE 



AO-IO 



CC/PGM 




TIMING WAVEFORMS 



O0-7 



PROGRAM MODE 



Aq-io 



°0-7 



X 



I 



X 



PROGRAM VERIFY 



ADDRESS N 



X 



-tAH- 



VALID INPUT 
ADDRESS! 



'DS 



tPRT-^ 



-tOES-*^ i--tOEH-- 



>UT ^ i - VALID \- / 



\ / 



ADDRESS N+m 



'VALID INPUT 
> ADDRESS N+.m 



Not as: (T) OE msy be delayed up to tACC - *OE after ,he falling edge of CE/PGM for read 
mode without impact on tACC 
(5) tQF 'S specified from OE or CE/PGM, whichever occurs first. 
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M PD2716 

FUNCTIONAL The /uPD2716 operates from a single +5V power supply and, accordingly, is ideal 
DESCRIPTION for use with +5V microprocessors such as/uPD8085 and /UPD8048/8748. 

Programming of the juPD2716 is achieved with a single 50 ms TTL pulse. Total pro- 
gramming time for all 16,384 bits is only 100 sec. Due to the simplicity of the pro- 
gramming requirements, devices on boards and in systems may be programmed easily 
and without any special programmer. 

The/xPD2716 features a standby mode which reduces the power dissipation from a 
maximum active power dissipation of 525 mW to a maximum standby power dissipa- 
tion of 132 mW. This results in a 75% savings with no increase in access time. 



Erasure of the juPD2716 programmed data can be attained when exposed to light with 
wavelengths shorter than approximately 4,000 Angstroms (A). It should be noted that 
constant exposure to direct sunlight or room level fluorescent lighting could erase the 
/UPD2716. Consequently, if the /iPD2716 is to be exposed to these types of lighting 
conditions for long periods of time, the juPD2716 window should be masked to 
prevent unintentional erasure. 

The recommended erasure procedure for the /uPD2716 is exposure to ultraviolet light 
with wavelengths of 2,537 Angstroms (A). The integrated dose (i.e., UV intensity x 
exposure time) for erasure should be not less than 15 W-sec/cm2. The erasure time is 
approximately 15 to 20 minutes using an ultraviolet lamp of 1 2,000 /iW/cm2 power 
rating. 

During erasure, the juPD2716 should be placed within 1 inch of the lamp tubes. If the 
lamps have filters on the tubes, the filters should be removed before erasure. 



E 



OPERATION 



READ MODE 



STANDBY MODE 



PROGRAMMING 
MODE 



The five operation modes of the J/PD2716 are listed in Table 1. The power supplies 
required are a +5V Vqq and a Vpp. The Vpp power supply should be at +25V during 
programming, program verification and program inhibit, and it should be at +5V 
during read and standby. CE/PGM, OE and Vpp select the operation mode as shown in 
Table 1. 

When CE/PGM and OT are at low (0) level with Vpp at +5V, the READ MODE is 
set and the data is available at the outputs after tf_)E from the falling edge of 0~E and 
*ACC a ^ er setting the address. 

The jitPD2716 is placed in the standby mode with the application of a high (1 ) levpl 
TTL signal to the CE/PGM and a Vpp of +5V. In this mode, the outputs are in a 
high impedance state, independent of the OE input. The active power dissipation is 
reduced by 75% from 525 mW to 132 mW. 

Programming of the /aPD2716 is commenced by erasing all data and consequently 
having all bits in the high (1) level state. Data is then entered by programming a low 
(0) level TTL signal into the chosen bit location. 

The juPD2716 is placed in the programming mode by applying a high (1) level TTL 
signal to the Ol with Vpp at +25V. The data to be programmed is applied to the 
output pins 8 bits in parallel at TTL levels. 

Any location can be programmed at any time, either individually, sequentially or 
at random. 

When multiple //PD2716s are connected in parallel, except for CE/PGM, individual 
juPD2716s can be programmed by applying a high (1) level TTL pulse to the CE/PGM 
input of the desired //PD2716 to be programmed. 

Programming of multiple ^PD2716s in parallel with the same data is easily accom- 
plished. All the alike inputs are tied together and are programmed by applying a 
high (1) level TTL pulse to the CE/PGM inputs. 
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pPD2716 

Programming of multiple /iPD2716s in parallel with different data is rendered more 

easily by the program inhibit mode. Except for CE/PGM, all alike inputs (including OE) 
of the parallel mPD2716s may be common. Programming is accomplished by applying 
a TTL level program_pulse to the /IPD2716 CE/PGM input with Vpp at +25V. A low 
level applied to the CE/PGM of the other /xPD2716 will inhibit it from being 
programmed. 

A verify should be performed on the programmed bits to determine thai: the data was 
correctly programmed on all bits of the ^PD2716. The program verify can be per- 
formed with Vpp at +25V and CE/PGM and OE at low (O) levels. 

The data outputs of two or more /uPD2716s may be wire-ored together to the same 
data bus. In order to prevent bus contention problems between devices, all but the 
selected juPD2716s should be deselected by raising the OE input to a TTL high. 



PROGRAMMING 
INHIBIT MODE 



PROGRAM VERIFY MODE 



OUTPUT DESELECTION 



PACKAGE OUTLINE 
MPD2716D (CERDIP) 
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Item 


Millimeters 


Inches 


A 


33.5 MAX. 


1.32 MAX. 


B 


2.78 


1.1 


C 


2.54 


0.1 


D 


0.46 • 0.10 


0.018 • 0.004 


E 


27.94 


1.10 


F 


1.3 


0.05 


G 


2.54 MIN. 


0.1 MIN. 


H 


0.5 MIN. 


0.020 


I 


5.0 MAX. 


0.20 


J 


5.5 MAX. 


0.216 


K 


15.24 


0.60 


L 


14.66 


0.56 


M 


0.25 - 0.05 


0.010 • 0.002 



Window Label 

An amber-colored window label is provided unattached for the convenience of the 
user. The window label filters ultra-violet light frequencies, thus preventing accidental 
erasure or long-term degradation caused by ambient light or sunlight. 
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M PD2732 

M PD2732-4 

32,768 (4K x 8) BIT 

UV ERASABLE PROM 



Description 

The tiPD2732 is a 32,768-bit (4096 x 8 bit) Ultraviolet Eras- 
able and Electrically Programmable Read-Only Memory 
(EPROM). It operates from a single +5V supply, making it 
ideal for microprocessor applications. It features an output 
enable control and offers a standby mode with an attendant 
80% savings in power consumption. 

A distinctive feature of the itPD2732 is a separate output 
control, output enable (OE) from the chip enable control 
(CE). The OE control eliminates bus contention in multiple- 
bus microprocessor systems. The /*PD2732 features fast, 
simple one-pulse programming controlled by TTL-level 
signals. Total programming time for all 32,768 bits is only 
210 seconds. 

Features 

□ Ultraviolet erasable and electrically programmable 

□ Access time— 390 ns max 

□ Single location programming 

□ Programmable with single pulse 

□ Low power dissipation: 1 50 mA max active current, 

30 mA max standby current 

□ Input/Output TTL-compatible for reading and 
programming 

□ Single +5V power supply 

□ 24-pin ceramic DIP 

□ Three-state outputs 

Pin Configuration 



HV C0 <+5V) 



Block Diagram 




Pin Names 



A -A„ 








Addresses 


OE 








Output Enable 


o -o 7 








Data Outputs 


CE 








Chip Enable 




PINS 


CE 


OE/Vpp 


»cc 


OUTPUTS 


MODE 



Read 


V IL 


V,L 


+ 5 


D UT 


Standby 


V, H 


Don't Care 


+ 5 


HighZ 


Program 


v IL 


Vpp 


+ 5 


D IN 


Program Verify 


v IL 


v, L 


+ 5 


"out 


Program Inhibit 


v,„ 


Vpp 


+ 5 


HighZ 



Table 1 - Mode Selection 



Vcc O- 



Data Outputs 

Oo-Or 



Ol/Vpp- 

51" 



Output Enable 
Chip Enable and 
Program Logic 



A 0" A 11 
Address « 
Inputs 



Y 
Decoder 



Output Buffers 



Y-Gatlng 



32,768fllT 
Cell Matrix 



Absolute Maximum Ratings* (T a = 25°C) 

Operating Temperature - 10°C to +80°C 

Storage Temperature - 65°C to + 1 25°C 

Output Voltage -0.3 to +6 Volts 

Input Voltage -0.3 to +6 Volts 

Supply Voltage V cc -0.3 to +6 Volts 

Supply Voltage V PP -0.3 to +26.5 Volts 

*COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma- 
nent damage. The device is not meant to be operated 
under conditions outside the limits described in the opera- 
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance 

T a = 25°C; f = 1 MHz 



□ 





ymbol M 


Limits 




Unit 




Parameter S 


In Typ 


Max 


Test Conditions 


Input Capacitance 
Except OE/V„ 


C,HI 




6 


PF 


V,n - OV 


5E7V„ Input 
Capacitance 


C, N , 




30 


pF 


V, N - OV 


Output Capacitance 


C UT 




12 


pF 


V ouf " V 


DC Characteristics 

Read Mode and Standby Mode 
T a = 0°C ~ 70°C; V c0 = +5V ± 5% 










Symbol 


Limits 


Unit 




Parameter 


Mln. Typ 


Max. 


Test Conditions 


Output High Voltage 


v „ 


2.4 




V 


l 0H = 400^ A 


Output Low Voltage 


Vol 




0.45 


V 


Ic = 2.1 mA 


Input High Voltage 


v,„ 


2.0 


Vcc + 


1 V 




Input Low Voltage 


VlL 


-0.1 


0.8 


V 




Output Leakage Current 


'lo 




10 


MA 


V 0UT - 5.25 V 


Input except OE/V PP 


■lm 




10 


jaA 


V,„- 5.25 V 


Leakage 
Current OE/V PP 


u 




10 


^A 


V, N - 5.25 V 


V cc Standby 


'oci 


15 


30 


mA 


CE -■ V,„, OE/V Pr V„. 


Current Active 


ICC2 


85 


150 


mA 


OE/V PP - CE V„ 
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M PD2732 



DC Characteristics (Cont.) 

Program, Program Verify and Program Inhibit Mode 
T a = 25 ± 5°C, V cc = +5 V ± 5%, V PP = +25 V ± 1 V 





Symbol 




Limits 




Unit 




Parameter 


Mln. 


ryp. 


Max. 


Test Conditions 


Input High Voltage 


V,H 


2.0 




Vcc+1 


V 




Input Low Voltage 


V,i 


-0.1 




0.8 


V 




Input Leakage Current 


■li 






10 


piA 


Vi H = V IL orV IH 


Output High Voltage 


V„H 


2.4 






V 


l „ = -400,* A 


Output Low Voltage 


Vc. 






0.45 


V 


l„. = 2.1 mA 


V cc Current 


I cc 




85 


150 


mA 




V PI> Current 


Ipp 






30 


mA 


CE= V IL , 3f V PP 


AC Characteristics 
Read Mode and Standby Mode 
T a = 0°C to +70°C; V cc = +5V ± 5% 




Symbol 




Limits 




Unit 




Parameter 


Mln 


TVP 


Mm* 


Test Conditions 


Address to Output Delay 


W 






© 


ns 


CI = Ol/Vpp = V, L 


CE to Output Delay 


tc E 






© 


ns 


ol= V IU 


Output Enable 
to Output Delay 


«0E 






120 


ns 


CE= V, L 


Output Enable High 
to Output Float 


t D F 







100 


ns 


cl= v 1L 


Address to Output Hold 


to„ 









ns 


CF= TJE"= v, L 



Note: Q) (iPD2732 (450 ns max) 
piPD2732-4 (390 ns max) 

Test Conditions — 

Output Load: 1 TTL gate and C L = 100 pF 
Input Rise and Fall Times: 20 ns 
Input Pulse Levels: 0.8 to 2.2V 
Timing Measurement Reference Level: 
Inputs: 1.0V and 2.0V 
Outputs: 0.8V and 2.0V 

Program, Program Verify and Program Inhibit Mode 
T a = 25°C ± 5°C; V cc = +5V ± 5%; V PP = +25V ± IV 





Symbol 




Limit* 






Parameter 


Mln 


Typ 


Max 


Units Test Conditions 


Address Setup Time 


t«s 


2 






M» 


OH Setup Time 


to E S 


2 






M« 


Data Setup Time 


t Da 


2 






/*■ 


Address Hold Time 


«AH 









**• 


51 Hold Time 


t0EH 


2 






MS 


Data Hold Time 


tflH 


2 






/»• 


Output Enable to Output 
Float Delay 


top 







120 


ns 


Data Valid from CE 


t DV 






1 


^s 61 = v, LI 51= v, L 


Program Pulse Width 


w 


45 


50 


55 


ms 


Program Pulse Rise 
Time 


tpBT 


50 






ns 


Vp P Recovery Time 


tvn 


2 






M« 



Test Conditions — 

Input Pulse Levels = 0.8V to 2.2V 

Input Timing Reference Level = 1.0V and 2.0V 

Output Timing Reference Level = 0.8V and 2V 

Function 

The /xPD2732 operates from a single + 5V power supply, 
making it ideal for microprocessor applications. 
Programming of the ^PD2732 is achieved with a single 
50 ms TTL pulse. Total programming time for all 32,768 bits 
is only 210 sec. Due to the simplicity of the programming 
requirements, devices on boards and in systems may be 
easily programmed without any special programmer. 

The fjbPD2732 features a standby mode which reduces the 
power dissipation from a maximum active power dissipa- 
tion of 788 mW to a maximum standby power dissipation of 
158 mW. This results in an 80% savings with no increase in 
access time. 



Erasure of the //PD2732 programmed data can be 
attained when exposed to light with wavelengths shorter 
than approximately 4,000 Angstroms (A). It should be 
noted that constant exposure to direct sunlight or room 
level fluorescent lighting could erase the /u,PD2732. Con- 
sequently, if the /i,PD2732 is to be exposed to these types 
of lighting conditions for long periods of time, its window 
should be masked to prevent unintentional erasure. 
The recommended erasure procedure for the /uPD2732 
is exposure to ultraviolet light with wavelengths of 2,537 
Angstroms (A). The integrated dose (i.e., UV intensity x 
exposure time) for erasure should be not less than 
15 W-sec/cm 2 . The erasure time is approximately 15 to 20 
minutes using an ultraviolet lamp of 12,000 /nW/cm 2 
power rating. 

During erasure, the /U.PD2732 should be placed within 
1 inch of the lamp tubes. If the lamps have filters on the 
tubes, the filters should be removed before erasure. 

Operation 

The five operation modes of the /xPD2732 are listed in 
Table 1. In READ mode, the only power supply required is a 
+5V supplyDuring programming, all inputs are TTL levels 
except for OE7V PP which is pulsed from TTL level to 25V. 

Read Mode 

When CE and OE/V PP are at low (0) level, READ is set and 
data is available at the outputs after to E from the falling 
edge of 5E and t ACC after setting the address. 

Standby Mode 

The /xPD2732 is placed in standby mode with the applica- 
tion of a high (1) level TTL signal to the C~E input. In this 
mode, the outp uts are in a high impedance state, indepen- 
dent of the 0E/V PP input. The active power dissipation is 
reduced by 80% from 788 mW to 158 mW. 
Programming 

Programming begins with erasing all data and conse- 
quently having all bits in the high (1) level state. Data is 
then entered by programming a low (0) level TTL signal 
into the chosen bit location. 

The /u,PD2732 is placed in programming mode by applying 
a high (1) level TTL signal to the CE and with OE/V PP at 
+ 25V. The data to be programmed is applied to the output 
pins in 8-bit parallel form at TTL levels. 
Any location can be programmed at any time, either indi- 
vidually, sequentially or at random. 
When multiple /iPD2732s are connected in parallel, except 
for CE, individual /xPD2732s can be programmed by apply- 
ing a low (0) level TTL pulse to the CE input of the desired 
/iPD2732 to be programmed. 
Programming of multiple /xPD2732s in parallel with the 
same data is easily accomplished. All the like inputs are 
tied together and programmed by applying a low (0) level 
TTL pulse to the CE inputs. 

Programming Inhibit Mode 

Programming multiple /aPD2732s in parallel with different 
data is easier with the program inhibit mode. Except for CE, 
all like inputs (including OE) of the parallel /u,PD2732s may 
be common. Programming is accomplished by applying 
the TTL-level program pulse to the CE input with OE/V PP 
at +25V. A high (1) level applied to the CE of the other 
/u,PD2732 will inhibit it from being programmed. 
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Timing Waveforms 

Read Mode 



M PD2732 



X 



Addresses Valid 



X 



\ 



\ 



High Impedance 



« 



/ 



/ 



Valid Output 



B 



High Impedance 



Notes: © SE" may be delayed up to t ACC — tcj E after the falling edge of CE for read mode without impact on t A 
© t DF is specified from OE or CE, whichever occurs first. 



Program Mode © 
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i Note: © 0. VF capacitor must be connected between CJE/Vpp and ground to suppress spurious voltage transients 
which may damage the device. 
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Program Verify Mode 

A verify should be performed on the programmed bits to 
determine that the data was correctly programmed. The 
program verify can be performed with CE and OE/V PP at 
low (0) levels. 

Output Deselect 

The data outputs of two or more juPD2732s may be wire- 
ORed together to the same data bus. In order to prevent 
bus contention problems between devices, all but the 
selected /uPD2732s should be deselected by raising the 
OE/Vpp input to a TTL high. 

Window Label 

An amber-colored window label is provided unattached 
for the convenience of the user. The window label 
filters ultra-violet light frequencies, thus preventing 
accidental erasure or long-term degradation caused by 
ambient light or sunlight. 



Package Outline 
/xPD2732 D (Cerdip) 
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b 







Item 


Millimeters 


Inches 


A 


33.5 MAX. 


1.32 MAX. 


B 


2.78 


1.1 


C 


2.54 


0.1 


D 


0.46 ±0.10 


0.01 8 ±0.004 


E 


27.94 


1.10 


F 


1.3 


0.05 


G 


2.54 MIN. 


0.1 MIN. 


H 


0.5 MIN. 


0.020 


1 


5.0 MAX. 


0.20 


J 


5.5 MAX. 


0.216 


K 


15.24 


0.60 


L 


14.66 


0.58 


M 


0.25 ± 0.05 


0.010 ±0.002 
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HEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



M PD2732A 

32,768 (4K x 8) BIT 

UV ERASABLE PROM 



Description 

The M PD2732A is a 32,768-bit (4096 x 8 bit) Ultraviolet 
Erasable and Electrically Programmable Read-Only Mem- 
ory (EPROM). It operates from a single + 5V supply, mak- 
ing it ideal for microprocessor applications. It features an 
output enable control and offers a standby mode with an 
attendant 75% savings in power consumption. 

A distinctive feature of the<iPD2732A is a separate output 
control, output enable (OE) from the chip enable control 
(<SE). The OE control eliminates bus contention in multiple- 
bus microprocessor systems. The |uPD2732A features fast, 
simple one-pulse programming controlled by TTL-level 
signals. Total programming time for all 32,768 bits is only 
210 seconds. 

Features 

□ Ultraviolet erasable and electrically programmable 

□ Access time — 250 ns max 

□ Single location programming 

□ Programmable with single pulse 

□ Low power dissipation: 1 50 mA max active current, 

35 mA max standby current 

□ Input/Output TTL-compatible for reading and 
programming 

□ Single +5V power supply 

□ 24-pin ceramic DIP 

□ Three-state outputs 

Pin Configuration 



A 7 C 
A 8 C 
A S C 
A,C 
A,C 
A,C 
A,C 
A„C 
O C 
0,C 

o 2 c 

(0V)GNDC 



M PD 
2732A 



3V CC <+5V) 
=>A. 



21 DA„ 
20 3<5E/V P , 



19 H 



A 10 

o, 
3o e 
36, 
30. 

H0 3 



Pin Names 



Aq-A,, 








Addresses 


OE 








Output Enable 


o„-o 7 








Data Outputs 


CE 








Chip Enable 




PINS 


CE 


OE/Vpp 


»cc 


OUTPUTS 


MODE 



Read 


v, L 


v IL 


+ 5 


Dour 


Standby 


v,„ 


Don't Care 


+ 5 


High Z 


Program 


v IL 


Vp P 


+ 5 


D, N 


Program Verify 


v, L 


V IL 


+ 5 


Dour 


Program Inhibit 


V,H 


Vpp 


+ 5 


HlghZ 



Block Diagi 

Vu, o ' *• 


ram 


Data Outputs 


































5E/v 




Output Enable 
Chip Enable and 
Program Logic 




Output Buffers 


I *" 












V 
Decoder 


»► 

• 

• 
•» 


Y-Gatlng 














X 
Decoder 




32,768-BIT 
Cell Matrix 


A -A„ 




• * 

• 

• 

• 

• 

• 




















* 








L 





























Absolute Maximum Ratings* (T a = 25°C) 

Operating Temperature - 10°Cto +80°C 

Storage Temperature -65°Cto + 125°C 

Output Voltage -0.3to +6V 

Input Voltage - 0.3 to + 6V 

Supply Voltage V cc - 0.3 to + 6V 

Supply Voltage V PP - 0.3 to + 22V 

'COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma- 
nent damage. The device is not meant to be operated 
under conditions outside the limits described in the opera- 
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance 

T a = 25°C; f = 1 MHz 

Limits 

Parameter Symbol Mfn Typ Mm* Unit Test Conditions 

input Capacitance ~ " ~ v _ ov 

Except OE/V pp ^ 6 pF V " ' 0V 

5e7v oo Input _ 

Capacitance C "" 20 pF V IN - 0V 



E 



Output Capacitance 


Cqut 12 pF 


v OUT = 0V 


DC Characteristics 

Read Mode and Standby Mode 
T a = 0"C ~ 70°C; V cc = + S V ± 5% 




Limits 




Parameter 


Symbol Mln Typ Max Unit 


Test Conditions 


Output High Voltage 


V 0H 2.4 V 


lo„--400 M A 


Output Low Voltage 


Vol 0-45 V. 


l 0l = 2.l.mA 


Input High Voltage 


V,„ 2.0 V cc +:l! V 





Table 1 - Mods Selection 



Input Low Voltage V a 


-0.1 


0.8 


V 




Output Leakage Current l LO 




10 


nA 


V 0UT = 5.25 V 


Input except OE/V PP l Ln 




10 


M A 


V, N = 5.25 V 


Leakage 

Current OE/V PP l Lll 




10 


^A 


V,„ = 5.25 V 


V cc Standby l cc , 




35 


mA 


CE = V,„, OE/Vpp = V IL 


Current Active l CM 




150 


mA 


OE/Vp, = £1 = V, L 
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DC Characteristics iCont.) 

Program, Program Vorlfy and Program Inhibit Mode 
T a - 25± 5°C, V cc - +5V ± 5%, V PP = +21V ± 0.5V 





Symbol 




Limits 




Unit 




Parameter 


Min 


iyp 


Max 


Test Conditions 


Input High Voltage 


v,« 


2.0 




Vcc + 1 


V 




Input Low Voltage 


V, L 


-0.1 




0.8 


V 




Input Leakage Current 


■li 






10 


MA 


V, H - V, L orV,„ 


Output High Voltage 


VoH 


2.4 






V 


I™ - -400 F A 


Output Low Voltage 


Va. 






0.48 


V 


Iol = 2.1 mA 


V cc Current 


'cc 




85 


150 


mA 




V PP Current 


Ipp 






30 


mA 


CE= V, L ,OE=V„ 


AC Characteristics 
Road Mode and Standby Mode 
T a = 0°C to + 70°C; V cc = +5V ± 5% 




Symbol 




UmHs 




Unit 




Parameter 


Mln 


TVP 


Mm* 


Test Conditions 


Addreu to Output Delay 


Vcc 






250 


ns 


& = 5E/Vp,= v IL 


CE to Output Delay 


ICE 






250 


ns 


TX= V, L 


Output Enable 
to Output Delay 


»OE 


10 




100 


ns 


CE= V, L 


Output Enable High 
to Output Float 


tl>F 







80 


ns 


cT=.v„. 


Address to Output Hold 


!«. 









ns 


cT= OT= v, L 



Test Conditions — 

Output Load: 1 TTL gate and C L = 100 pF 
Input Rise and Fall Times: 20 ns 
Input Pulse Levels: 0.8 to 2.2V 
Timing Measurement Reference Level: 
Inputs: 1.0V and 2.0V 
Outputs: 0.8V and 2.0V 



Program, Program Verify and Program Inhibit Mode 

T a = 25°C ± 5°C, V cc - +5V ± 5%; V PP = +21V ± 0.5V 




Symbol 




limits 






Parameter 


Mln 


Typ 


Max 


Unit Test Conditions 


Address Setup Time 


Ias 


2 






M» 


31 Setup Time 


to** 


2 






M» 


Data Setup Time 


tra 


2 






M« 


Address Hold Time 


«AH 









M« 


5E Hold Time 


t0 E H 


2 






M» 


Data Hold Time 


t0H 


2 






/»■ 


Output Enable to Output 
Float Delay 


W 







130 


ns 


Data Valid from CE 


tov 






1 


M s CE = V, L , CE = V, L 


Program Pulse Width 


tpw 


45 


50 


55 


ms 


Program Pulse Rise 
Time 


'PR! 


50 






ns 


V PP Recovery Time 


tvB 


2 






n* 



Test Conditions — 

Input Pulse Levels = 0.8V to 2.2V 
Input Timing Reference Level = 1.0V and 2.0V 
Output Timing Reference Level = 0.8V and 2V 
Input Rise and Fall Times: 20 ns 

Function 

The ^PD2732A operates from a single + 5V power supply, 
making it ideal for microprocessor applications. 
Programming of the jiPD2732A is achieved with a single 
50 ms TTL pulse. Total programming time for all 32,768 bits 
is only 210 sec. Due to the simplicity of the programming 
requirements, devices on boards and in systems may be 
easily programmed without any special programmer. 
The jiPD2732A features a standby mode which reduces the 
power dissipation from a maximum active power dissipation 
of 788 mW to a maximum standby power dissipation of 
184 mW. This results in a 75% savings with no increase in 
access time. 



Erasure of the ^PD2732A programmed data can be 
attained when exposed to light with wavelengths shorter 
than approximately 4,000 Angstroms (A). It should be noted 
that constant exposure to direct sunlight or room level 
fluorescent lighting could erase the /uPD2732A. Con- 
sequently, if the mPD2732A is to be exposed to these types 
of lighting conditions for long periods of time, its window 
should be masked to prevent unintentional erasure. 
The recommended erasure procedure for the ^PD2732A is 
exposure to ultraviolet light with wavelengths of 2,537 
Angstroms (A). The integrated dose (i.e., UV intensity x 
exposure time) for erasure should be not less than 
15 W-sec/cm 2 . The erasure time is approximately 15 to 20 
minutes using an ultraviolet lamp of 12,000 jiW/cm 2 power 
rating. 

During erasure, the ^PD2732A should be placed within 
1 inch of the lamp tubes. If the lamps have filters on the 
tubes, the filters should be removed before erasure. 
Operation 

The five operation modes of the ^PD2732A are listed in 
Table 1 . In READ mode, the only power supply required is 
a + 5V supply. During programming, all inputs are TTL 
levels except for 0E/V PP which is pulsed from TTL level to 
21V. 

Read Mode 

When CE and OE/V PP are at low (0) level, READ is set and 
data is available at the outputs after t 0E from the falling 
edge of OE and t ACC after setting the address. 

Standby Mode 

The mPD2732A is placed in standby mode with the appli- 
cation of a high (1) level TTL signal to the CE input. In 
this mode, the outputs are in a high impedance state, 
independent of the OE/V PP input. The active power 
dissipation is reduced by 75% from 788 mW to 184 mW. 

Programming 

Programming begins with erasing all data and conse- 
quently having all bits in the high (1) level state. Data is 
then entered by programming a low (0) level TTL signal 
into the chosen bit location. 

The ^PD2732A is placed in programming mode by_apply- 
ing a high (1) level TTL signal to the CE and with OE/V PP at 
+ 21V. The data to be programmed is applied to the output 
pins in 8-bit parallel form at TTL levels. 
Any location can be programmed at any time, either indi- 
vidually, sequentially or at random. 
When_ multiple nPD2732As are connected in parallel, except 
for CE, individual ^PD2732As can be programmed by apply- 
ing a low (0) level TTL pulse to the CE input of the desired 
M PD2732A to be programmed. 

Programming of multiple M PD2732As in parallel with the 
same data is easily accomplished. All the like inputs are 
tied together and programmed by applying a low (0) level 
TTL pulse to the CE inputs. 

Programming Inhibit Mode 

Programming multiple /iPD2732As in parallel with different 
data is easier with the program inhibit mode. Except for CE, 
all like inputs (including UE) of the parallel M PD2732As may 
be common. Programming is accomplished by applying 
the TTL-level program pulse to the CEJnput with OE/V PP at 
+ 21V. A high (1) level applied to the CE of the other 
^PD2732A will inhibit it from being programmed. 
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Timing Waveforms 

RiMdMode 



M PD2732A 



X 



m 



51 



Addresses Valid 



X 



\ 



\ 



High Impedance 



m 



/ 



/ 



Wild Output 



m 



High Impedance 



Notes: © <5E may be delayed up to t ACC -t 0E after the falling edge of CE for read mode without impact on t ACC . 
(D t DF is specified from 01= or &E, whichever occurs first. 



Program Mode ® 



X 



Program - 



Oc 



oI/v P , 



< 






Valid Input 
Address" 



o 



"t 



■ Program Verify - 



K 



C Valid Output "S. 
Address N ( 



I l J 



Note: © 0. VF capacitor must be connected between CJE/V PP and ground to suppress spurious voltage transients 
which may damage the device. 
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Program Verify Mode 

A verify should be performed on the programmed bits to 
determine that the data was correctly programmed. The 
program verify can be performed with CE and OE/V PP at 
low (0) levels. 

Output Deselect 

The data outputs of two or more jiPD2732As may be wire- 
ORed together to the same data bus. In order to prevent 
bus contention problems between devices, all but the 
selected mPD2732As should be deselected by raising the 
5e7V pp input to a TTL high. 

Window Label 

An amber-colored window label is provided unattached for 
the convenience of the user. The window label filters ultra- 
violet light frequencies, thus preventing accidental erasure 
or long-term degradation caused by ambient light or 
sunlight. 



Package Outline 
M PD2732AD (Cerdlp) 



24 



13 
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Item 


Millimeters 


Inches 


A 


33.5 MAX 


1.32 MAX 


B 


2.78 


1.1 


C 


2.54 


0.1 


D 


0.46 ±0.10 


0.018 ±0.004 


E 


27.94 


1.10 


F 


1.3 


0.05 


G 


2.54 MIN 


0.1 MIN. 


H 


0.5 MIN 


0.020 


I 


5.0 MAX 


0.20 


J 


5.5 MAX 


0.216 


K 


15.24 


0.60 


L 


14.66 


0.58 


M 


0.25 ± 0.05 


0.010 ± 0.002 
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NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



M PD2764 

65,536 (8K x 8) BIT 

UV ERASABLE PROM 



Description 

The mPD2764 is a 65,536-bit (8192 x 8 bit) Ultraviolet 
Erasable and Electrically Programmable Read-Only 
Memory (EPROM). It operates from a single + 5V sup- 
ply, making it ideal for microprocessor applications. It 
features an output enable control and offers a standby 
mode with an attendant 67% savings in power con- 
sumption. 

A distinctive feature of the nPD2764 is a separate out- 
put control, output enable (OE) from the chip enable 
control (CE). The OE control eliminates bus contention 
in multiple-bus microprocessor systems. The ^PD2764 
features fast, simple one-pulse programming controlled 
by TTL-level signals. Total programming time for all 
65,536 bits is 420 seconds. 
Features 

□ Ultraviolet erasable and electrically programmable 

□ Access time— 250 ns max 

□ Single location programming 

□ Programmable with single pulse 

□ Low power dissipation: 1 50 mA max active current, 

50 mA max standby current 

□ Input/Output TTL-compatible for reading and 
programming 

□ Single +5V power supply 

□ 28-pin ceramic DIP 

□ Three-state outputs 

Pin Configuration 




Pin Names 



A -A 12 




Addresses 


OE 




Output Enable 


o„-o 7 




Data Outputs 


CE 




Chip Enable 


pW 




Program 


N.C. 




No Connect 


MODE SELECTION 


MODE 


PINS 


CE 

(20) 


OE 

(22) 


PGM 
(27) 


Vpp 

(1) 


v cc 

(28) 


Outputs 
(11-13, 15-19) 


Read 


V|L 


V,L 


V|H 


Vcc 


Vcc 


D OUT 


Standby 


V,H 


X 


X 


Vcc 


Vcc 


High Z 


Program 


V|L 


x 


V|L 


Vpp 


Vcc 


Din 


Program 


Verify 


V|L 


V,L 


V,H 


Vpp 


Vcc 


D OUT 


Program Inhibit 


V|H 


X 


X 


Vpp 


Vcc 


HighZ 



Block Diagi 


ram 


Data Output! 
































V 

c 




Output Enable 
Chip Enable and 
Program Logic 




Output Buffers 


E * 

fE ►) 












Y 
Decoder 


»► 

• 

• 
■> 


Y-Gatlng 














X 
Decoder 




65,536 err 

Cell Matrix 


A -Ait 




• 
• 
• 
• 
• 
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* 
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Absolute Maximum Ratings* (T a = 25°C) 

Operating Temperature - 10°C to + 80°C 

Storage Temperature - 65°Cto + 125°C 

OutputVoltage -0.6to +6V 

Input Voltage -0.6to +6V 

Supply Voltage Vcc -0.6 to +6V 

Supply Voltage V PP -0.6to +22V 

"COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma- 
nent damage. The device is not meant to be operated 
under conditions outside the limits described in the opera- 
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance 

T a = 25°C; f = 1 MHz 

Limit* 

Parameter Symbol Milt fyp *•■* Unit last Conditions 

Input Capacitance . C, N 6 pF V IH - 0V 

Output Capacitance C 0UT 12 pF V ol)T = 0V 



DC Characteristics 

Read Mode and Standby Mode 

T a = OOC to 70°Cj V cc = +5V ±5% 



E 



X can be either V, L or V^ 
Table 1 - Mode Selection 





Symbol 




Llmiti 




Unit 




Parameter 


Mln. 


TVp. 


Max. 


Test Conditions 


Output High Voltage 


Vo„ 


2.4 






V 


lc,„ = -400 M A 


Output Low Voltage 


Voi. 






0.45 


V 


l ol = 2.1 mA 


Input High Voltage 


v, H 


2.0 




Vcc + 1 


V 




Input Low Voltage 


V,L 


-0.1 




0.8 


V 




Output Leakage Current 


•lo 






10 


/aA 


V 0UT = 5.25 V 


Input Leakage Current 


lu 






10 


/aA 


V, N = 5.25 V 


V cc Standby 


■cci 






50 


mA 


CE = V,„ 


currem Active 


'CO! 






150 


mA 


OE = CE = V 1L 
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DC Characteristics iCont.) 

Program, Program Verify and Program Inhibit Mode 
T a = 25°C ± 5°C, V cc = +5V ± 5%, V PP = +21V ± 0.5V 





Symbol 




Umtts 




Unit 




Parameter 


M/n. 


Typ. 


Ma*. 


Test Conditions 


Input High Voltage 


V|H 


2.0 




v cc + i 


V 




Input Low Voltage 


V,L 


-0.1 




0.8 


V 




Input Leakage Current 


III 






10 


„A 


V, H = V, L orV,„ 


Output High Voltage 


VoH 


2.4 






V 


l m = -400 M A 


Output Low Voltage 


Vol 






0.45 


V 


la. = 2.1 mA 


V cc Current 


Ice 






150 


mA 




V PP Current 


Ipp 






30 


mA 


CE= V„v?5ff- V, L 


AC Characteristics 
Read Mode and Standby Mode 
T a = 0°C to +70°C; V cc = +5V ± 5% 




Symbol 




L/mfts 




Unit 




Parameter 


M/n 


TVP 


Max 


Test Conditions 


Addreas to Output Delay 


tACC 






250 


ns 


51 = Ol = V IL 


CE to Output Delay 


tcE 






250 


ns 


7>E = V IL 


Output Enable 
to Output Delay 


to E 


10 




100 


ns 


CE= V, L 


Output Enable High 
to Output Float 


t D f 







90 


ns 


cT=.v, L 


Address to Output Hold 


t0H 









ns 


er= ot= v 1L 



lest Conditions — 

Output Load: 1 TTL gate and C L = 100 pF 
Input Rise and Fall Times: 20 ns 
Input Pulse Levels: 0.8 to 2.2V 
Timing Measurement Reference Level: 
Inputs: 1.0V and 2.0V 
Outputs: 0.8V and 2.0V 



Program, Program Verify and Program Inhibit Mode 
T a = 25°C ± 5°C; V cc = +5V ± 5%; V PP = + 21 V ± 0.5V 




Symbol 




Limits 






Parameter 


Mfn 


Typ 


Max 


Unit Teat Conditions 


Address Setup Time 


Us 


2 






plS 


Of Setup Time 


t(JES 


2 






M« 


Data Setup Time 


to. 


2 






M» 


Address Hold Time 


t»H 









■/»■ 


CE Setup Time 


Ices 


2 






M» 


Data Hold Time 


tDK 


2 






*»■ 


Chip Enable to Output : 
Float Delay 


toF 







130 


ns 


Date Valid from OT 


t0E 






150 


ns 


Program Pulse Width 


tpw 


45 


50 


55 


ms 


V PP Setup Time 


tvs 


2 






M« 



Test Conditions — 

Input Pulse Levels = 0.8V to 2.2V 

Input Timing Reference Level = 1.0V and 2.0V 

Output Timing Reference Level = 0.8V and 2V 

Input Rise and Fall Times: 20 ns 

Function 

The mPD2764 operates from a single + 5V power supply, 
making it ideal for microprocessor applications. 
Programming of the nPD2764 is achieved with a single 
50 ms TTL pulse. Total programming time for all 65,536 
bits is 420 sec. Due to the simplicity of the program- 
ming requirements, devices on boards and in systems 
may be easily programmed without any special 
programmer. 

The mPD2764 features a standby mode which reduces 
the power dissipation from a maximum active power 
dissipation of 788 mW to a maximum standby power 
dissipation of 262 mW. This results in a 67% savings 
with no increase in access time. 
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Erasure of the mPD2764 programmed data can be 

attained when exposed to light with wavelengths shorter 

than approximately 4,000 Angstroms (A). It should be 

noted that constant exposure to direct sunlight or room 

level fluorescent lighting could erase the ^PD2764. 

Consequently, if the ^PD2764 is to be exposed to these 

types of lighting conditions for long periods of time, its 

window should be masked to prevent unintentional 

erasure. 

The recommended erasure procedure for the mPD2764 

is exposure to ultraviolet light with wavelengths of 2,537 

Angstroms (A). The integrated dose (i.e., UV intensity x 

exposure time) for erasure should be not less than 

15 W-sec/cm 2 . The erasure time is approximately 15 to 20 

minutes using an ultraviolet lamp of 12,000 /i,W/cm 2 

power rating. 

During erasure, the ^PD2764 should be placed within 

1 inch of the lamp tubes. If the lamps have filters on the 

tubes, the filters should be removed before erasure. 

Operation 

The five operation modes of the //PD2764 are listed in 
Table 1. In READ mode, the only power supply required 
is a + 5V supply. During programming, all inputs are 
TTL levels except for Vpp which is pulsed from TTL 
level to 21V. 

I^ead Mode 

When CE and OE are at low (0) level, READ is set and 
data is available at the outputs after toe from the falling 
edge of OE and t ACC after setting the address. 
Standby Mode 

The f*PD2764 is placed in standby mode with the appli- 
cation of a high (1) level TTL signal to the CE input. In 
this mode, the outputs are in a high impedance state, 
independent of the OE input. The active power dissipa- 
tion is reduced by 67% from 788 mW to 262 mW. 
Programming 

Programming begins with erasing all data and conse- 
quently having all bits in the high (1) level state. Data is 
then entered by programming a low (0) level TTL signal 
into the chosen bit location. 

The ^PD2764 is placed in programming mo de by apply- 
ing a low (0) level TTL signal to the CE and PGM with 
Vpp at +21V. The data to be programmed is applied to 
the output pins in 8-bit parallel form at TTL levels. 

Any location can be programmed at any time, either indi- 
vidually, sequentially or at random. 
When multiple nPD2764s are connected in parallel 
except for CE, individual mPD2764s can be progr ammed 
by applying a low (0) level TTL pulse to the PGM input 
of the desired mPD2764 to be programmed. 
Programming of multiple mPD2764s in parallel with the 
same data is easily accomplished. All the like inputs are 
tied together and prog ramm ed by applying a low (0) 
level TTL pulse to the PGM inputs. 

Programming Inhibit Mode 

Programming multiple nPD2764s in parallel with dif- 
ferent data is easi er wit h the program inhibit mode. 
Except for CE (or PGM) all like inputs (including 0~E) of 
the parallel mPD2764s may be common. Programming 
is accomplished by applyi ng a low (0) TTL-level pro- 
gram pulse to the CE (or PGM)jnput with V PP at + 21V. 
A high (1) level applied to the CE (or PGM) of the other 
HPD2764 will inhibit it from being programmed. 



Timing Waveforms 

Read Mode 



M PD2764 




Notes: © £JE may be delayed up to t ACC -t 0E after the falling edge of CE for read mode without impact on t„ 
© t DF is specified from QE or CE, whichever occurs first. 



Program Mode 



^: 



ADDRESS N 



i 



/ 



> 



V/ 



i 



yzz 



< 



t0E 

"MAX" 



DATA OUT VALID 

ADDN 
it- 



:> 
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Program Verify Mode 

A verify should be performed on the programmed bits to 
determine that the data was correctly programmed. The 
program verify ca n be p erformed with 6e and OE at : 
low (0) levels and PGM at high (1) level. 

Output Deselect 

The data outputs of two or more ^PD2764s may be 
wire-ORed together to the same data bus. In order to 
prevent bus contention problems between devices, all 
but the selected ^PD2764s should be deselected by 
raising the CE input to a TTL high. UE input should be 
made common to all devices and connected to the 
READ line from the system control BUS. These connec- 
tions offer the lowest average power consumption. 



Package Outline 
MPD2764 D (Cerdlp) 



nnnnnnnnnnnn 



O 



uuuuuuuuu uuu 




Item 


Millimeters 


Inches 


A 


37.7 MAX. 


1.48 MAX. 


B 


2.78 


1.1 


C 


2.54 


0.1 


D 


0.46 ±0.10 


0.01 8 ±0.004 


E 


27.94 


1.10 


F 


1.3 


0.05 


G 


2.54 MIN. 


0.1 MIN. 


H 


0.5 MIN. 


0.020 


1 


5.0 MAX. 


0.20 


J 


5.5 MAX. 


0.216 


K 


15.24 


0.60 


L 


14.66 


0.58 


M 


0.25 ± 0.05 


0.010 ±0.002 
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MEMORIES 



ELECTRONIC ARRAYS MASK PROGRAMMED READ ONLY MEMORIES 




Custom ROM 

\er ificatioii Code 

Procedure 

ROMs the Right Way 

You will select well if you choose Electronic Arrays as your 
supplier of mask programmed ROMs. 

Every ROM is like a custom LSI circuit. It's designed to store a 
bit pattern unique to your requirements. No one else can use your 
ROM. And you depend upon your ROM supplier to meet his com- 
mitments regarding delivery and quality. A ROM manufacturer 
must therefore be particularly cognizant of the custom nature of the 
business if he is to be effective in meeting customer needs. 

At EA, we have the "ROM PERSPECTIVE", developed over a 
ten-year period of supplying custom ROMs. By utilizing our 
Mother Lot contact mask programming technique, and local 
domestic assembly, EA ships quality ROMs with fast, reliable 
delivery. 

We also apply our knowledge to make verifying your custom 
ROM patterns a snap. With your complete input, as described 
within, we'll read out, duplicate, and send a verification package on 
its way back to you in 24 hours — every time. 

NEC Electronics U.S.A. Inc- 
Electronic Arrays Division 

NEC 
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A. VERIFICATION SEQUENCE SUMMARY 

The diagram on page 3 details the procedure used by EA to verify your bit patterns. At your end, the se- 
quence is simple. EA does all the hard stuff. 

1 . You ship to EA UV EPROMs or ROMs containing your custom bit patterns. 

2. Upon receipt, EA reads out your patterns onto our PDP-1 1/70 computer file. 

3. EA programs UV EPROMs the same or electrically similar to those you submitted, using the stored pro- 
gram data base from our computer. 

4. A complete octal printout of your code is generated, including designation of chip selects and any 
custom marking required. 

5. The EA-programmed UV EPROMs and printout are shipped to you for verification and approval. 

6. Upon your receipt and verification testing, you notify us by phone, TWX, or mail of your approval. 
This starts the clock as regards delivery of first samples and all subsequent deliveries. 

7. You sign and return to EA the cover sheets attached to each ROM code printout in the space indicated. 
Please don't forget this last important detail. 

B. SENDING COMPLETE DATA 

Complete information is necessary from you to avoid unnecessary verification delays. The following 

checklist should be reviewecWor all custom patterns sent to EA: 

I I 1 . Have you included the desired chip select logic levels for each ROM? This information cannot be in- 
cluded in the UV EPROM, and must be furnished separately. We cannot proceed without it — it is an 
integral part of the ROM pattern data we require (see C below for details). 

□ 2. If your are sending multiple UV EPROMs for a single ROM (e.g., two 16K UV EPROMs for one 32K 
ROM), be sure each part is clearly marked with the starting address for that section of the ROM. It is 
best to include this address marking on the UV EPROM package itself via a sticker. 

LJ 3. Are the UV EPROMs themselves electrically sound? Double check them to ensure they program and 
read out properly with the right levels. 

I I 4. Do you require your own marking on the package? We'll be happy to custom-mark your ROMs for you 

if you will supply us with your desired marking. We've up to 20 digits available on one line for your 
marking preference. 

LJ 5. Are the devices properly packaged for shipment to EA? To avoid accidental UV erasure, be sure the 
quartz window is covered. A small, gummed label is good protection. And we receive many UV 
EPROMs in a "CRUSHED" condition — often irreparable. Do not ship in an envelope. Ensure the UV 
EPROMs are packed in a rigid container to physically protect the leads, and with conductive foam 
to protect them from static charge. Then ship in a jiffy bag, or better yet, a small box with protective 
packing. 

LJ 6. Can you include duplicate master UV EPROMs (or ROMs)? This allows EA to use a checksum to attest to 
readout integrity and reduces the potential error rate. If you can't send duplicate masters, please in- 
clude a checksum for each individual UV EPROM (or ROM). The more redundancy we receive, the 
more rigorous EA can be in each verification step. 

I I 7. If you wish to receive your masters back with their original program, please include blank UV 

EPROMs for EA to program for verification. This will facilitate our turn time, and allow'us to return 
your masters with the verification EPROMs. 

LJ 8. If you are ordering the EA8332 32K ROM, have you indicated whether you want the A or B pinout ver- 
sion? The pinout is irreversibly fixed simultaneous with the bit pattern during contact mask, and must 
be specified by you. Reference the front of the EA8332A/B data sheet for pinout option details. 

C. CHIP SELECT PROGRAMMING 

Every EA ROM has programmable chip selects which are permanently programmed into the ROM along with 
the bit pattern during wafer fabrication. 

These chip selects are available for your convenience since they allow multiple ROMs to be utilized in 
parallel without external ROM select logic. You must furnish EA with the desired chip selection logic level 
for each CS pin on your ROM concurrent with the submission of the bit pattern. 

See diagram on page 3. Note that the customer role is kept to a minimum in the overall verification effort. You 
need only: 

1 . Supply the EPROMs, CHIP SELECT, SPECIAL MARKING, CHECKSUM. 

2. Test the product returned to you for verification, 

3. Sign and return the approval sheet attached to each printout. 

Prior to order entry into customer service, we of course also require your P.O. number, prices, quantity, and requested delivery schedule. All 
delivery commitments are based upon EA receipt of code verification and complete order entry data. 
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VERIFICATION CODE SEQUENCE 



CUSTOMER 



: .■tK?'*ssii78&iiijfei; 



^-OBstOftifft : 









HC 



EPROMS, CHIP SELECT, CHECKSUM, 
SPECIAL MARKING, CUSTOMER DATA 



EA ROM PLD 
OFFICE 



CySTOMEITDATA (PARTT. CHIFSIWCT5 
SPECIAL MARKING PACKAGE ETC) 



PROGRAMMER 
70HECKSUM 



F CRT TERM J 



CHECKSUM 
COMPARE 







UNDER 
y PDP 1 1 .70 
r CONTROL 



ROM PATTERN AND 
"1 CUSTOMER DATA 



- -i-.r. it./ EPROM / / LISTING / 

■GRAMMAR /programmer/ / printer / 

wmm I I I I 

' .■'•"' EPROMS I I PATTERN LISTING * 



CH&KsiM 



EA ROM PLD 
OFFICE 



EPROMS PLUS LISTING PRINTOUT 



CUSTOMER 



LiJSKXgMSL 



JBMOM TfST VERIFV 






1 



CODE APPROVAL/SIGNED PRINTOUT 



EA ROM PLD 
OFFICE 



mEBBBMBWBffi 






^^£ 






CUSTOMER 
SERVICE 



EA INTERNAL GO AHEAD 



ROM PATTERN 
PROCESSOR 




E 
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Each chip select (CS) must be programmed to be selected by either a logic 1 or logic 0. Reference the ROM 
data sheet "DC Operating Characteristics" to correctly interpret the logic 1 (high) and logic (low) voltage 
conditions when determining your chip select options. 

Chip selects must be specified for the following pins on EA ROMs: 



ROM TYPE 


SIZE 


EA8308A 


8K 


EA8316E 


16K 


EA8332A 


32K 


EA8332B 


32K 


EA8364 


64K 



CHIP SELECT PINS 


TOTAL 


18, 20 


2 


18, 20, 21 


3 


20, 21 


2 


18, 20 


2 


20 


1 



D. USING UV EPROMS FOR CODE TRANSMITTAL 

EA receives the vast majority of its customer codes by way of customer-programmed UV EPROMs. You may 
utilize any of the following UV EPROMs to transmit codes to EA: 

UV EPROM SIZE 

2708 8K 

2716/2516 16K 

2732/2532 32K 

2764/2564 64K 



To transmit a code for this ROM: Use these UV EPROMs: 

EA8308A (8K ROM) One 2708 

EA8316E (16K ROM) Two 2708s or 

One 2716 

EA8332A/B (32K ROM) Four 2708s or 

Two 2716's or 



One 2732 



EA8364 (64K ROM) Eight 2708s or 

Four 2716's or 



Two 2732's or 
One 2764 



When submitting multiple UV EPROMs for one ROM code, remember to mark the starting address on each 
EPROM (B-2. above). 

E. EXPEDITED VERIFICATION 

If distances are great and/or time is of the absolute essence, EA has an alternate verification procedure you 

may use: 

UV EPROMs- Send EA 3 identically programmed UV EPROMs or sets of UV EPROMs. EA will read 

out all 3 and test for a match. If a match is obtained, EA will proceed with masking to pro- 
duce ROMs identical to the 3 received. A printout will be furnished, but for information 
purposes only, not approval. The customer is responsible for the integrity of the patterns as 
submitted. 

MASKED ROMs- Send 2 masked ROMs or sets of ROMs. EA will test for a match. If a match is obtained, EA 
will proceed with masking to produce ROMs identical to those received. A printout will be 
furnished, but for information purposes only, not approval. EA guarantees their ROMs to 
contain the identical pattern as the ROMs EA received. 

F. ALTERNATE CODE TRANSMITTAL METHODS 

There are acceptable alternatives to transmitting custom ROM codes to EA other than via UV EPROMs or 
ROMs. Codes may be transmitted via paper tape, punched cords, or other acceptable mediums. Standard oc- 
tal and hexadecimal formats are currently available for use with punched computer cards or paper tape. 
Other non-standard formats may be acceptable provided adequate descriptions and compatible equipment 
are available. Contact EA sales personnel for further details and factory response. 

NEC 

Electronic Arrays Division, 550 East Middlefield Road, Mountain View, CA 94043, Telephone (415) 964-4321, TWX 910-379-6985 
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M PD2316E/EA8316E 

READ ONLY MEMORY 

2048 WORDS, 8 BITS/WORD 



Description 

The nPD2316E/EA8316E is a 16,384-bit Read Only 
Memory utilizing MOS N-channel silicon gate tech- 
nology. The device is completely static in operation, 
organized as 2,048 words by 8 bits, and operates from 
a single + 5 volt power supply. All inputs and outputs 
are fully TTL compatible. It has three programmable 
chip select inputs and three-state outputs that allow 
memory expansion to 16,384 words by 8 bits without 
the use of any external logic. Programming of the 
device is accomplished by a custom mask during fabri- 
cation. The EA8316E pin-out is compatible with 2708 
and 2716 EPROMs and can replace two 2708s or one 
2716 for production. The EA8316E is available to two 
access time specifications, the standard 450 ns or the 
faster 350 ns version. 
Features 



□ 



Two Fast Access Time Options 

— 450 ns Maximum, EA8316E 

— 350 ns Maximum, EA8316E-5 

All Outputs Drive 2 TTL Loads Directly 

All Inputs TTL Compatible 

Single + 5 Volt Supply with ± 5% Tolerance 

Three-State Outputs for Direct Bus Compatibility 

Three Programmable Chip Select Inputs 

Pin-Compatible to 2708 and 2716 EPROMs 

Fully Static Operation 

All Inputs Protected Against Static Charge 



Pin Configuration 



Arc; 




" -^ 


24 


3 v C c 


AeT 


2 




23 


H A 8 


asC 


3 




22 


3 A9 


A4C 


4 




21 


HCS3 


A3C 


5 


ui 


20 


Hcsi 


A2C 


6 


CO 


19 


3 A10 


A1C 


7 


a 

in 


18 


HCS 2 


AoE 


8 


<o 


17 


HD7 


DO [I 


9 


a 
a. 


16 


3 °6 


Did 


10 




15 


3 05 


D 2 C 


11 




14 


HD4 


GND C. 


12 




13 


Zl°3 



Block Diagram 

Ao Ai A2 A3 A4 A5 A6 A7 As Ag A10 CS1 CS2 CS3 

H M U U I W. I U 



Address Input Buffers 



vv\'V 2 < 



X Z X 2 X 2 X 2 X 2 X VVV 



64-Bit Decoder 



/« 



64 X 256 
ROM Matrix 



Chip Select 
Buffer 



iT'jL 



Chip Select 
Logic 



-»- D4 



■*- D3 

-•»• D2 
■*. D1 
-*- Do 



Absolute Maximum Ratings' 



T a = 25°C, f = 1 MHz 




Voltage on All Inputs, Outputs, and Supply Pins 



-0.5 to 7.0V 



Maximum Junction Temperature 



+150°C 



@JC (Hermetic DIP) 



+ 65°C/W 



Storage Temperature 



-65°Cto +150°C 



*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be oper- 
ated under conditions outside the limits described in 
the operational sections of this specification. Exposure 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Capacitance 

T a = 25°C, f = 1MHz. All pins at O volts. 





Symbol 






Limits 






Parameter 


M/it 




Typ 


Max 


Teit Conditions 


Input Capacitance 


C IN 






5pF 


7pF 


V|N = 0V 


Output Capacitance 


CquT 






7pF 


10pF 


V UT = 0V 


DC Characteristics 

T a = - 10°C to + 70°C and Vcc 


= 5V 








Symbol 




Umlf 


Unit 




Parameter 


Mln 


Typ Max 


Test Conditions 


Input "Low" Voltage 


V|L 


-0.5 




0.8 


V 




Input "High" Voltage 


V| H 


2.0 




v C c+ 


V 




Input Load Current 


>IL 






10 


nA 


V tN = to + 5.25V 


Output "Low" Voltage 


vol 






0.40 


V 


■OL = + 3 - 2 mA 


Output "High" Voltage 


Voh 


2.4 






V 


'OH = -200 mA 


Output Leakage Current 


'lo 






10 


*A 


Chip disabled, 
v OUT = +0-4V 
toV cc 


Power Supply Current 


■cc 




60 


90 


mA 


All inputs + 5.25V, 
Outputs unloaded 
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M PD2316E/EA8316E 

AC Characteristics 

T- s -10°Cto +70°C 



Parameter 


Symbol 


EA8316E-S 
Mln Max 


EA8316-E 
Mfn Max 


Unit 


Address to Output Delay Time 


*ACC 


350 




450 


ns 


Chip Select to Output Delay Time 


'CO 


150 




150 


ns 


Chip Deselect to Output Data 
Float Time 


«DF 


100 




100 


ns 


Previous Data Valid After Address 
Change 


*0H 


20 


20 




ns 



AC Test Conditions 

Input Pulse Rise and Fall Times 20 ns 

Timing Measurement Reference 
Levels: Vih, Vqh = 2.0V; Vql> V||_ = 0.8V. 



2.5K +5V 



<\ •> 



100 pF ^>25K 



Output Load (AC): 1 TTL Load + 100 pF. 

Standard Conditions 

The characteristics below apply for the following stan- 
dard test conditions, unless otherwise noted. All volt- 
ages are referenced to ground. Positive current flows 
into the referenced pin. 

Output Load (AC): 2 Series 74 TTL, C|_ = 100 pF 
0°C < tA < + 70°C 
+ 4.75V <VCC< + 5.25V 

Timing Waveform 



Chip Select Chip Select 



High Impedance 




Definitions 

Access Time, tACC 

Access time is the maximum time between the applica- 
tion of a valid Address and the corresponding valid 
Data Out. 
Output Hold Delay, tOH 

Output hold delay is the minimum time after an Address 

change that the previous data remains valid. 

Output Enable Time, tco 

Output enable time is the maximum delay between 

Chip Selects becoming true and Output Data becoming 

valid. 

Output Disable Time, tDF 

Output disable time is the delay between Chip Selects 
becoming false and output stages going to the high 
impedance state. 

Custom Programming Instructions 

Eiit Pattern Submittal Options 

The customer's unique bit pattern can be submitted to 
Electronic Arrays via several convenient methods such 
that it is easy for the ROM customer, and readily 
verifiable for accuracy. The bit pattern can be delivered 
to EA contained within: 

1. One programmed 2716 EPROM 

2. Two programmed 2708 EPROMs 

3. One customer-programmed 831 6E ROM 

4. Punched computer cards per the detail format 
shown below. 

Bit Pattern Verification 

For customer verification of the submitted bit patterns, 
several alternatives are also available. The following are 
those found by experience to be most expeditious. 



Customer Pattern 
Submitted Via: 

1 . One programmed 271 6 



2. Two programmed 2708s 



Verification Routine 

Customer sends EA one addi- 
tional erased 271 6. EA programs 
the spare 271 6 with the pattern 
data base extracted from the pro- 
grammed 271 6, and returns to 
customer for pattern verification. 
Customer sends EA two additional 
erased 2708s. EA programs the 
spare 2708s with the pattern data 
base extracted from the pro- 
grammed 2708s and returns to 
customer for pattern verification. 



Typical Characteristics 



ICC Vs. Temperature 
831 6C 



375 

350 

•« 325 

O 300 
< 

275 

250 

225 

200 





*ACC V*. Temperature 

831 6C 







































































































Access Time Vs. Capacitance Load 
8316C 
550 



500 
•» 450 
400 



O 



350 
300 
250 



VCC = 4.50 Volts 








1 T 


LUC 


5AD 

















































































10" 20" 30° 40° 50° 60° 70° 
tA(°C) 



10° 20° 30° 40° 50° 60° 70° 

tA(°C) 
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100 200 300 400 500 600 700 
CL (pF) 



Customer Pattern 
Submitted Via: 



Verification Routine 



3. One mask-programmed 831 6E Customer sends EA one erased 
(or one 16K ROM) 2716 or two erased 2708s. EA 

programs these EPROMs with the 
pattern data base extracted from 
the 8316 and returns to the 
customer for pattern verification. 

4. Punched computer cards After extracting the bit pattern 

from the card deck, EA's data 
base is used to punch a new 
deck. This deck, plus a complete 
printout, is returned to customer 
for pattern verification. 

In all eases a computer printout of the complete bit pat- 
tern is also available upon customer request. The 
original 2716s, 2708s, or 8316s are retained by EA as 
the original bit pattern source data, at least until the 
first sample EA8316Es are tested and customer- 
approved. 

The data base tape derived from the above source 
devices or card deck is utilized in turn to produce a pat- 
tern generator tape and ROM test pattern. The pattern 
generator tape drives EA's automatic pattern generation 
mask equipment, resulting in mask tooling that contains 
the customer's unique one/zero pattern. The ROM test 
pattern is used at production sort and final test to test 
each device 100% to the complete custom bit pattern. 

Chip Select Level Programming 

CSi , CS2, and CS3 must be programmed by the 
customer to be selected by either a logic 1 or a logic 
level. Accordingly, the customer must furnish EA with 
the desired chip selection level (1 or only) for CS-|, 
CS2, and CS3, concurrent with submission of the bit 
pattern. The CS input logic levels are permanently 
established within each ROM in the same manner as 
the bit pattern. 

Punched Computer Card Instructions 
This technique requires that the customer supply EA 
with a deck of standard 80-column computer cards 
describing the data to be stored in the ROM array. 
Title Card 

All customer ROM "Data Cards" must be preceded by 
a "Title Card" which contains all unique information 
pertaining to that ROM other than the ROM data con- 
tent. The required punching format is as follows: 



MPD2316E/EA8316E 

Alternative Data File Formats 

In addition to the standard EA octal format, it is possi- 
ble to furnish data to EA in other formats if prearranged 
with the factory. A standard hexadecimal format is cur- 
rently available. Other nonstandard formats may be 
acceptable. Contact EA sales personnel. 
Data Cards 

The required punching format is described below. All 
addresses must be included with their outputs defined. 
That is, no assumptions are made regarding the bit 
configuration of undefined outputs. Therefore, the 
customer must submit cards defining the entire ROM 
contents, when portions of the ROM may be unused 
(zero). 



Card 
Column No. 

1-4 



5-7 



8-10 



11-13 



50-52 



53-59 
60-80 



Octal Pattern Format 
Card Contents 

Punch a 4-digit octal number represent- 
ing the input address for the first of the 
16 output words appearing on this card 
(this is the initial address). 
Punch a 3-digit octal number represent- 
ing the outputs for the input address 
specified in column 1-4. 
Punch a 3-digit octal number represent- 
ing the outputs for the initial input 
address + 1. 

Punch a 3-digit octal number represent- 
ing the outputs for the initial input 
address + 2. 



Punch a 3-digit octal number represent- 
ing the outputs for the initial input 
address + 15. 
Blank 

Not used by EA. May contain customer 
identification. 




Each card, therefore, carries (in octal) the initial input 
address for the 16 output words contained on that card, 
the 16 output words themselves (in octal) and the 
unique ROM number. The cards must be provided for all 
possible sequential address locations (in blocks of 16). 
A 2,048-word ROM therefore, requires 128 cards, with 
all 16 output words defined on each card. 



Card 




Column No. 


Card Contents 


1 


'(Asterisk) 


2-19 


Customer Name 


20-21 


Blank (no punch) 


22-23 


Month; e.g., 05 for May 


24 


/(slash) 


25-26 


Day of the month; e.g., 04 for the 4th day 


27 


/(slash) 


28-29 


The last two digits of the year 


30-31 


Blank 


32-36 


ROM Type (i.e., 831 6E) 


37 


Blank 


38-41 


CS-| = 


42 


CS-) level desired for chip selection 




(1 or only) 


43 


Blank 


44-47 


CS 2 = 


48 


CS2 level desired for chip selection 




(1 or only) 


49-54 


Blank 


55-80 


Customer part number 
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Package Outlines 
M PD2316EC 
EA8316EC 
Plastic 



M l>D2316ED 

EA8316ED 

Ceramic 



P^- 







UiL 




Item 


Millimeters 


Inches 


A 


33 Max 


1.3 Max 


B 


2.53 


0.1 


C 


2.54 


0.1 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


27.94 


1.1 


F 


1.5 


0.059 


G 


2.54 Min 


0.1 Min 


H 


0.5 Min 


0.02 Min 


I 


5.22 Max 


0.205 Max 


J 


5.72 Max 


0.225 Max 


K 


15.24 


0.6 


L 


13.2 


0.55 Max 


M 


o-25 + :-i; 

-0.05 


+ 0.004 
0.01 TUUUH 
-0.0019 



Item 


Millimeters 


Inches 


A 


30.78 Max 


1.23 Max 


B 


1.53 Max 


0.07 Max 


C 


2.54 ± 0.1 


0.10 ± 0.004 


D 


0.46 ± 0.8 


0.018 ± 0.03 


E 


27.94 ± 0.1 


1.10 ± 0.004 


F 


1.02 Min 


0.04 Min 


G 


3.2 Min 


0.125 Min 


H 


1.02 Min 


0.04 Min 


I 


3.23 Max 


0.13 Max 


J 


4.25 Max 


0.17 Max 


K 


15.24 Typ 


0.60 Typ 


L 


14.93 Typ 


0.59 Typ 


M 


0.25 ± 0.05 


0.010 + 0.002 
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231 6E/831 6EDS-1-82-CAT-TRIUM 



NEC 

NK Electronics USA Inc. 

Electronic Arrays Division 



M PD2332A7B/EA8332A/B 

READ ONLY MEMORY 

4096 WORDS, 8 BITS/WORD 



Description 

The ^PD2332A/B/EA8332A/B is a 32,768-bit fully static 
Read Only Memory utilizing MOS N-channel silicon- 
gate ion-implanted technology. It is organized 4096 
words by 8 bits and operates from a single +5 volt 
power supply with a ± 10% supply tolerance. All inputs 
are TTL compatible, and the three-state outputs can 
drive 2 standard TTL loads each. It is unique in that 
both proposed JEDEC standard pin configurations are 
available. The 8332A incorporates CS2 and A11 on 
pins 21 and 18 respectively. The EA8332B incorporates 
CS2 and A11 on pins 18 and 21 respectively. Hence pin 
compatibility with other available 32K ROMs is at user 
option. Both pinout versions are available to two access 
time specifications, the standard 450 ns or the faster 
350 ns version. 

Features 

□ Two Fast Access Time Options 

— 450 ns Max, EA8332 

— 350 ns Max, EA8332-1 

D All Outputs Drive 2 TTL Loads Directly 
D All Inputs TTL Compatible 

□ Single +5 Volt Supply with ± 10% Tolerance 

□ Three-State Outputs for Direct Bus Compatibility 

□ Both Proposed JEDEC Pinouts Available 

Pin 18 Pin 21 

EA8332A A-^ CS2 

EA8332B CSg A11 

□ Two Programmable Chip Select Inputs 

□ Pin Compatible to EA2716 and 2732 EPROMs 

□ Fully Static Operation 

D All Inputs Protected Against Static Charge 



Block Diagram 

Ao A1 A2 A3 A4 A5 A6 A7 As A9 A10 A11 

y y W W U W M 



Address Input Buffers 



'%''. 



2T21 .„ .. .. 



128-Bit Decoder 



128 / 



ROM Matrix 
128 X 256 



CS1CS2 

y y 



Chip Select 
Buffer 



w 



Chip Select 
Logic 



32x8 
Decoder 



Absolute Maximum Ratings' 



Tj, a 2S°C, f s 1 MHz 


Voltage on All Inputs, Outputs, and Supply Pins 




-0.5 to 7.0V 


Maximum Junction Temperature 




+150-C 


0jC (Hermetic DIP) 




-65°C/W 


Storage Temperature - 


65 °C 


to + 150°C 



E 



"COMMENT: Stresses more severe than those listed 
here may cause permanent damage to the device. This 
is a stress rating only, and operation of the device at 
any condition above those indicated in the operational 
sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 



Pin Configuration 




24 H VCC 
23 13 A8 
22 H Ag 
21 3 AH 
20 U CS1 
19 H Aid 
18 D CS? 

17 D D7 

18 H D6 
15 3 05 
14 U D4 
13 3°3 



Standard Conditions 

The characteristics below apply for the following stan- 
dard test conditions, unless otherwise noted. All volt- 
ages are referenced to ground. Positive current flows 
into the referenced pin. 
Output Load (AC): 2 Series 74 TTL, C|_ = 100 pF 
0°C < tA < + 70°C 
+ 4.50V < VCC < + 5.50V 



DC Characteristics 

T a m -10°Cto +70 e CandVcc = 


8V 








Symbol 




UmHs 




Unit 




Parameter 


Mfn 


Tw» 


Mmx 


Test Conditions 


Input "Low" Voltage 


V|L 


-0.5 




0.8 


V 




Input "High" Voltage 


V|H 


2.0 




Vcc + 1 


V 




Input Load Current 


"IL 






10 


XA 


V (N = to 5.5V 


Output "Low" Voltage 


Vol 






0.40 


V 


'OL * + ^ ,z mA 


Output "High" Voltage 


V H 


2.4 






V 


l OH => -200mA 


Output Leakage Current 


'LO 






10 


XA 


Chip Disabled 

v OUT = +04V 
toV cc 


Power Supply Current 


ice 




80 


90 


mA 


All Inputs +5.5V 
Output Unloaded 
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AC Characteristics 



T a s - 10 e C to 


+ 70°C 


. ' ■ 








Parameter 


Symbol 


EA8332AIB-1 
Mln Mm* 


EAB332A/B 
Mln Mmx 


Unit 


Address to Output 
Delay Time 


'ACC 


350 




450 


ns 


Chip Select to Output 
Delay Time 


'CO 


150 




150 


ns 


Chip Deselect to 
Output Data Float Time 


«DF 


100 




100 


ns 


Previous Data Valid 
After Address Change 


*0H 


20 


20 




ns 



AC Test Conditions 

Input Pulse Rise and Fall Times . .20 ns 

Timing Measurement Reference 
Levels: Vih.Vqh = 2.0V; VqL-Vil = 0.8V 




2.5K +5V 

-AAA/ O 



Output Load (AC): 1 TTL Load + 100, pF 

Capacitance 

T a = 25 °C, f = 1 MHz; all pins at volts. 





Symbol 




Limits 






Parameter 


Mln 


Typ 


Mmx 


Test Conditions 


Input Capacitance 


C IN 




5pF 


7pF 


V|N = OV 


Output Capacitance 


CquT 




7pF 


10pF 


VOUT = OV 



Timing Waveform 




Chip Selects Chlj 
Inputs 



High Impedance 



Definitions 

Access Time, tACC 

Access time is the maximum time between the applica- 
tion of a valid Address and the corresponding valid 
Data Out. 
Output Hold Delay, tOH 

Output hold delay is the minimum time after an Address 

change that the previous data remains valid. 

Output Enable Time, tco 

Output enable time is the maximum delay between 

Chip Selects becoming true and Output Data becoming 

valid. 



Output Disable Time, tDF 

Output disable time is the delay between Chip Selects 
becoming false and output stages going to the high 
impedance state. 

Custom Programming Instructions 

Bit Pattern Submittal Options 

The customer's unique bit pattern can be submitted to 
Electronic Arrays via several convenient methods such 
that it is easy for the ROM, customer, and readily verifi- 
able for.accuracy. The bit pattern can be delivered to 
EA contained within: 

1. Two programmed 2716 EPROMs 

2. Four Programmed 2708 EPROMs 

3. Two customer-programmed 831 6E ROMs 

4. Two customer-programmed 831 6A ROMs 

5. Punched computer cards per the detail format 
shown below., . 



Bit Pattern Verification 

For customer verification of the submitted bit patterns, 
several alternatives are also available. The following are 
those found by experience to be most expeditious. 



Customer Pattern 

Submitted Via: Verification Routine 

1. Two programmed 2716s Customer sends EA two addi- 

tional erased 2716s. EA pro- 
grams the spare 2716s with the 
pattern data base extracted from 
the programmed 2716s, and 
returns to customer for pattern 
verification. 

Customer sends EA four addi- 
tional erased 2708s. EA pro- 
grams the spare 2708s with the 
pattern data base extracted from 
the programmed 2708s and 
returns to customer for pattern 
verification. 

Customer sends EA two erased 
2716s or four erased 2708s. EA 
programs these EPROMs with 
the pattern data base extracted 
from the 8316s and returns to the 
customer for pattern verification. 
After extracting the bit pattern 
from the card deck, EA's data 
base is used to punch a new 
deck. This deck, plus a complete 
printout, is returned to customer 
for pattern verification. 

In all cases a computer printout of the complete bit pat- 
torn is also available upon customer request. The origi- 
nal 2716s, 2708s, or 8316s are retained by EA as the 
original bit pattern source data, at least until the first 
sample EA8332s are tested and customer approved. 
The data base tape derived from the above source 
devices 6r card deck is utilized in turn to produce a pat- 
tern generator tape and ROM test pattern. The pattern 
generator tape drives EA's automatic pattern generation 
mask equipment, resulting in mask tooling that contains 
the customer's unique one/zero pattern. The ROM test 
pattern is used at production sort and final test to test 
each device 100% to the complete custom bit pattern. 



2. Four programmed 2708s 



Two mask-programmed 831 6Es 
(or 831 6As) 



4. Punched computer cards 
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Typical Characteristics 



ICC Vs. Temperature 
831 6C 



375 
350 
S 325 
O 300 
275 
250 
225 
200 





ACC 


Vs. Temperature 
8316C 







































































































Access Time Vs. Capacitance Load 
8316C 



550 
500 
450 
400 
350 
300 
250 



VCC = 4.50 Volts 








1 TTL LOAD 

















































































10° 20° 30° 40° 50° 60° 70° 
tA <°C) 



10° 20° 30° 40° 50° 60° 70° 
tA (°C) 



100 200 300 400 500 600 700 
CL (pF) 



Customer Programming Instructions (Cont.) 

Chip Select Level Programming 

CSi and CS2 must be programmed by the customer to 
be selected by either a logic 1 or a logic level. Accord- 
ingly, the customer must furnish EA with the desired 
chip selection level (1 or only) for CS1 and CS2, con- 
current with submission of the bit pattern. The CS input 
logic levels are permanently established within each 
ROM in the same manner as the bit pattern. 
Punched Computer Card Instructions 
This technique requires that the customer supply EA 
with a deck of standard 80 column computer cards 
describing the data to be stored in the ROM array. 
Title Card 

All customer ROM "Data Cards" must be preceded by 
a "Title-Card" which contains all unique information 
pertaining to that ROM other than the ROM data con- 
tent. The required punching format is as follows: 

Card 
Column No. 

1 
2-19 
20-21 
22-23 

24 
25-26 

27 
28-29 
30-31 
32-36 

37 
38-41 

42 



43 

44-47 

48 

49-54 
55-80 



Card Contents 

•(Asterisk) 

Customer Name 

Blank (no punch) 

Month; e.g., 0.5 for May 

/(slash) 

Day of the month; e.g., 04 for the 4th day 

/(slash) 

The last two digits of the year 

Blank 

ROM Type (i.e. 8332A or 8332B) 

Blank 

CS1 = 

CS-| level desired for chip selection 

(1 or only) 

Blank 

CS 2 = 

CS2 level desired for chip selection 

(1 or only) 

Blank 

Customer part number 



Alternative Data File Formats 

In addition to the standard EA octal format, it is possi- 
ble to furnish data to EA in other formats if prearranged 
with the factory. A standard hexadecimal format is cur- 
rently available. Other nonstandard formats may be 
acceptable. Contact EA sales personnel. 
Data Cards 

The required punching format is described below. All 
addresses must be included with their outputs defined. 
That is, no assumptions are made regarding the bit 
configuration of undefined outputs. Therefore, the 
customer must submit cards defining the entire ROM 
contents, when portions of the ROM may be unused 
(zero). 




Card 
Column No. 

1-4 



5-7 



8-10 



11-13 



Octal Pattern Format 
Card Contents 

Punch a 4-digit octal number represent- 
ing the input address for the first of the 
16 output words appearing on this card 
(this is the initial address). 
Punch a 3-digit octal number represent- 
ing the outputs for the input address 
specified in column 1-4. 
Punch a 3-digit octal number represent- 
ing the outputs for the initial input 
address + 1. 

Punch a 3-digit octal number represent- 
ing the outputs for the initial input 
address + 2. 



50-52 Punch a 3-digit octal number represent- 

ing the outputs for the initial input 
address + 15. 
53-59 Blank 

60-80 Not used by EA. May contain customer 

identification. 
Each card, therefore, carries (in octal) the initial input 
address for the 16 output words contained on that card, 
the 16 output words themselves (in octal) and the 
unique ROM number. The cards must be provided for 
all possible sequential address locations (in blocks of 
16). A 4096 word ROM, therefore, requires 256 cards, 
with all 16 output words defined on each card. 
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Package Outlines 
MPD2338AC/EA8338AC 
M PD2338BC/EA8338BC 
Plastic 



M |»D2338AD/EA8338AD 
M HD2338BD/EA8338BD 
Qeramlc 




Item 


Millimeters 


Inches 


A 


33 Max 


1.3 Max 


B 


2.53 


0.1 


C 


2.54 


0.1 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


27.94 


1.1 


F 


1.5 


0.059 


G 


2.54 Min 


0.1 Min 


H 


0.5 Min 


0.02 Min 


1 


5.22 Max 


0.205 Max 


J 


5.72 Max 


0.225 Max 


K 


15.24 


0.6 


L 


13.2 


0.55 Max 


M 


0.25 +°- 10 
-0.05 


o.oi +oo° 4 

-0.0019 



Item 


Millimeters 


Inches 


A 


30.78 Max 


1.23 Max 


8 


1.53 Max 


0.07 Max 


C 


2.54 ± 0.1 


0.10 ± 0.004 


D 


0.46 ± 0.8 


0.018 ± 0.03 


E 


27.94 ± 0.1 


1.10 ± 0.004 


F 


1.02 Min 


0.04 Min 


G 


3.2 Min 


0.125 Min 


H 


1.02 Min 


0.04 Min 


I 


3.23 Max 


0.13 Max 


J 


4.25 Max 


0.17 Max 


K 


15.24 Typ 


0.60 Typ 


L 


14.93 Typ 


0.59 Typ 


M 


0.25 ± 0.05 


0.010 ± 0.002 
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2332 A/B/8332 A/BDS-1 -82-CAT-TRIUM 



NEC 

NEC Electronics USA Inc. 

Electronic Arrays Division 



M PD2364/EA8364 

READ ONLY MEMORY 

8192 WORDS, 8 BITS/WORD 



Description 

The nPD2364/EA8364 is a 65,536-bit Read Only 
Memory utilizing MOS N-channel silicon gate tech- 
nology. The device is completely static in operation, 
organized as 8192 words by 8 bits.and operates from a 
single +5 volt power supply. All inputs and outputs are 
fully TTL compatible. It has one programmable chip 
select input and three-state outputs that allow memory 
expansion to 16,384 words by 8 bits without the use of 
any external logic. Programming of the device is 
accomplished by a custom mask during fabrication. The 
EA8364 pin-out is compatible with 2716 and 2732 
EPROMs and can replace two 2732s Or one 2564 for 
production. 

Features 



□ 



Two Fast Access Time Options 

— 450 ns Maximum — EA8364 

— 350 ns Maximum — EA8364-1 

All Inputs and Outputs TTL Compatible 

Single + 5 Volt Supply with ±10% Tolerance 

Three-State Outputs for Direct Bus Compatibility 

One Programmable Chip Select Input 

Pin-Compatible to 2716, 2732, and 2564 EPROMs 

Fully Static Operation 

All Inputs Protected Against Static Charge 



Pin Configuration 



*7C 


1 


— v — 


24 


n V C C 


A6C 


2 




23 


3 A8 


A5C 


3 




22 


■J A 9 


A4C 


4 




21 


3 A12 


A3C 


S 


3 


20 


UCS1 


A2C 


6 


i 


19 


3 A10 


AlC 






18 


3 A11 


AoC 


8 


Q 
a. 


17 


HD7 


DOC 


9 




16 


3 °6 


D1C 


10 




15 


HDs 


D2 C 


11 




14 


HD4 


GND C 


12 




13 


3°2 



Block Diagram 

Ao A1 A2 A3 A4 As A6 A7 As Ag A10 A11A12 

mtitinini 



CS1 



Address Input Buffers 



.'/ / / 



'\'VV 



256-Bit Decoder 



ROM Matrix 
256 X 256 



■7^ 



/ / / 



Chip Select 
Buffer 



,' 



Chip Select 
Logic 



32x8 
Decoder 



Absolute Maximum Ratings* 






T a = 25°C, f = 1 MHz 


Voltage on All Inputs, Outputs, and Supply 


Pins 


-0.5 to 7.0V 


Maximum Junction Temperature 




+150°C 


0JC (Hermetic DIP) 




-65°C/W 


Storage Temperature 




-65°Cto + 125°C 



B 



*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be oper- 
ated under conditions outside the limits described in 
the operational sections of this specification. Exposure 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 
Capacitance 



T a = 250C, I = 


1 MHz 














Symbol 




Limits 






Parameter 


M(n 


Typ 


Max 


Test Condition* 


Input Capacitance 


c lN 






10 pF 




V| N = 0V 


Output Capacitance 


CquT 






15 pF 




VoUT = 0V 


DC Characteristics 

T a = - 10°C to + 70°C and V<JC = sv 




Symbol 




Llmlfr 




Unit 




Parameter 


Mfn 


Typ 


Max 


Test Condition* 


Input "Low" Voltage 


V|L 


-0.5 




0.8 


V 




Input "High" Voltage 


V|H 


2.0 




Vcc + 1 


V 




Input Load Current 


'IL 






10 


ma 


V| N = to 5.5V 


Output "Low" Voltage 


Vol 






0.4 


V 


'OL = +3 - 2 rf, A 


Output "High" Voltage 


V H 


2.4 






V 


lOH = -200 m A 


Output Leakage Current 


'LO 






10 


xA 


Chip Disabled 
v OUT = +0-4V 
«oV cc 


Power Supply Current 


•cc 




80 


140 


mA 


All Inputs +5.5V 
Output Disabled 


Power Supply Current 


ice 




100 


160 


mA 


All inputs +5.5V 
Output Disabled 
8364-1 
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AC Characteristics 

T a = -10°Cto +70°C 





Symbol 


EA8364-1 
M/n Mas 


EA8364 




Parameter 


Mill 


Mas 


Unit 


Address to Output 
Delay Time 


«ACC 




350 




450 


ns 


Chip Select to 
Output Delay Time 


'CO 




150 




150 


ns 


Chip Deselect to 
Output Data Float Time 


»DF 




150 




150 


ns 


Previous Data Valid 
After Address Change 


«0H 


20 




20 




ns 



AC Test Conditions 

Input Pulse Rise and Fall Times 20 ns 

Timing Measurement Reference 

Levels Vm, Vqh = 2.0V; VQL V|l = 0.8V 



o- 




Output Load (AC): 1 TTL Load + 100 pF 

Standard Conditions 

The characteristics below apply for the following stan- 
dard test conditions, unless otherwise noted. All volt- 
ages are referenced to ground. Positive current flows 
into the referenced pin. 

Output Load (AC): 1 Series 74 TTL, C|_ = 100 pF 
0°C < tA < + 70°C 
+ 4.50V < Vcc < + 5.50V 



Timing Waveform 



Chip Select Chip Select 
Inputs Invalid 




Definitions 

Access Time, tACC 

Access time is the maximum time between the applica- 
tion of a valid Address and the corresponding valid 
Data Out. 
Output Hold Delay, tOH 

Output hold delay is the minimum time after an Address 

change that the previous data remains valid. 

Output Enable Time, tco 

Output enable time is the maximum delay between 

Chip Selects becoming true and Output Data becoming 

valid. 



Output Disable Time, tDF 

Output disable time is the delay between Chip Selects 
becoming false and output stages going to the high 
impedance state. 

Custom Programming Instructions 

Bit Pattern Submittal Options 

The customer's unique bit pattern can be submitted to 

Electronic Arrays via several convenient methods such 

that it is easy for the ROM customer, and readily 

verifiable for accuracy. The bit pattern can be delivered 

to EA contained within: 

1. 

2. 

3. 

4. 



One programmed 2564/2764 EPROM 
Two programmed 2532/2732 EPROMs 
Four programmed 2516/2716 EPROMs 
One customer-programmed 8364 ROM 
Two customer-programmed 8332 ROMs 



Bit Pattern Verification Sequence 

For customer verification of the submitted bit patterns, 
several alternatives are also available. The following are 
those found by experience to be most expeditious. 



Customer Pattern 
Submitted Via: 

1 . One programmed 2564/2764 



Verification Routine 

Customer sends EA one addi- 
tional erased 2564/2764. EA pro- 
grams the spare 2564/2764 with 
the pattern data base extracted 
from the programmed 2564/2764, 
and returns to customer for pat- 
tern verification. 

Customer sends EA two additional 
erased 2532/2732s. EA programs 
the spare 2532/2732s with the 
pattern data base extracted from 
the programmed 2532/2732s and 
returns to customer for pattern 
verification. 

Customer sends EA four addi- 
tional erased 251 6/271 6s. EA 
programs the spare 251 6/271 6s 
with the pattern data base 
extracted from the programmed 
251 6/271 6s and returns to 
customer for pattern verification. 
Customer sends EA one addi- 
tional erased 2564/2764 or two 
additional erased 2532/2732s. EA 
programs these EPROMs with 
the pattern data base extracted 
from the 64K ROM (or 32K 
ROMs) and returns to customer 
for pattern verification. 
An alternative to the above is to 
provide EA with 2 identical 
ROMs. Each will capture the pat- 
terns from both, compare them, 
and if they match, the code is 
presumed correct. In this case, 
only a printout is returned to 
customer for verification. 
Whenever ROMs are used to 
submit bit patterns, include the 
ROM chip select logic levels for 
each. 

In all cases where multiple EPROMs or ROMs are sub- 
mitted for one 64K ROM (i.e., 2 32Ks or 4 16Ks) the 
applicable address locations of each device within the 
64K memory map must be clearly indicated for each 
package — preferably on the device package itself. 



2. Two programmed 2532/2732s 



3. Four programmed 251 6/271 6s 



4. One mask programmed 64K 
ROM (or 2 32K masked ROMs) 
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Bit Pattern Verification Sequence 

An additional verification alternative, when distances 
are great and/or time is of the essence, is to submit 
three identically programmed EPROMs (or sets of 
EPROMs, if not 2564/2764s). EA will compare all three 
programs, and if we get a match, proceed with tooling. 
A printout is returned to the customer but no verifica- 
tion EPROMs are necessary under these conditions. 
EA is also equipped to accept bit patterns transmitted 
over the phone lines. If this method is desired by the 
customer, contact Electronic Arrays for format informa- 
tion and direct transmission procedures. 
In all cases, a computer printout of the complete bit 
pattern is also furnished to all customers. Attached to 
each printout is a cover sheet containing data relevant 
to the ROM. Following careful review of the data and 
the bit pattern, the customer indicates verification and 
approval by signing the cover sheet and returning it to 
EA. 

The data base tape derived from above source devices 
is utilized in turn to produce a pattern generator tape 
and a ROM test pattern. The pattern generator tape 

Package Outlines 
M PD2364C 
EA8364C 
Plastic 




drives EA's automatic pattern generation mask equip- 
ment, resulting in mask tooling that contains the 
customer's unique one/zero pattern. The ROM test pat- 
tern is used at production wafer sort and final test to 
test each device 1 00% to the complete custom bit 
pattern. 

Chip Select Level Programming 

CSi must be programmed by the customer to be 
selected by either a logic 1 or a logic level. Accord- 
ingly, the customer must furnish EA with the desired 
chip selection level (1 or only) for CSi concurrent 
with submission of the bit pattern. The CS input logic 
levels are permanently established within each ROM in 
the same manner as the bit pattern. 

Alternative Data File Formats 

In addition to the EPROM technique, it is possible to 
furnish ROM data to EA in other media if prearranged 
with the factory. Standard octal and hexadecimal for- 
mats are currently available. Other nonstandard for- 
mats may be acceptable. Contact EA sales personnel. 

M PD2364D 

EA8364D 

Ceramic 




El 




0°-10° 



M-*-^\-»- 



Item 


Millimeters 


Inches 




A 


33 Max 


1.3 Max 




B 


2.53 Max 


0.1 Max 




C 


2.54 ± 0.1 


0.1 ± 0.004 




D 


0.5 ± 0.1 


0.02 ± 0.004 




E 


27.94 ± 0.1 


1.1 ± 0.004 




F 


1.5 Min 


0.059 Min 




G 


2.54 Min 


0.1 Min 




H 


0.5 Min 


0.02 Min 




1 


5.22 Max 


0.205 Max 




J 


5.72 Max 


0.225 Max 




K 


15.24 Typ 


0.6 Typ 




L 


13.2 Typ 


0.52 Typ 




M 


« £S 


0.01 +0004 
-0.0019 





Item 


Millimeters 


Inches 




A 


30.78 Max 


1.21 Max 




B 


1.53 Max 


0.06 Max 




C 


2.54 ± 0.1 


0.10 ± 0.004 




D 


0.46 ± 0.8 


0.018 ± 0.03 




E 


27.94 ± 0.1 


1.10 ± 0.004 




F 


1 .02 Min 


0.04 Min 




G 


3.2 Min 


0.13 Min 




H 


1.02 Min 


0.04 Min 




I 


3.23 Max 


0.13 Max 




J 


4.25 Max 


0.17 Max 




K 


15.24 Typ 


0.60 Typ 




L 


14.93 Typ 


0.59 Typ 




M 


0.25 ± 0.05 


0.010 ± 0.002 
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NEC 

NEC Electronics U.SA Inc. 

Microcomputer Division 



MICROCOMPUTERS single chip 4-bit microcomputers |^| 



WEC MCOM-4 

NEC Electronics U.S. A. Inc. 

Microcomputer Division 

4-BIT SINGLE CHIP MICROCOMPUTER FAMILY 



DESCRIPTION 



The /uCOM-4 4-bit Microcomputer Family is a broad product line of 14 individual 
devices designed to fulfill a wide variety of design criteria. The product line shares a 
compatible architecture and instruction set. The architecture includes all functional 
blocks necessary for a single chip controller, including an ALU, Accumulator, Byte- 
wide ROM, RAM, and Stack. The instruction set maximizes the efficient utilization 
of the fixed ROM space, and includes a variety of Single Bit Manipulation, Table 
Look-Up, BCD arithemetic, and Skip instructions. 

The juCOM-4 Microcomputer Family includes seven different products capable of 
directly driving 35V Vacuum Fluorescent Displays. Four products are manufactured 
with a CMOS process technology. /iCOM-4 Microcomputers are ideal for low-cost 
general purpose controller applications such as industrial controls, instruments, 
appliance controls, intelligent VF display drivers, and games. 



FEATURES • Choice of ROM size: 2000 x 8, 1000x8, or 640 x 8 

• Choice of RAM size: 96 x 4, 64 x 4, or 32 x 4 

- Six 4-Bit Working Registers Available 

- One 4-Bit Flag Register Available 

• Powerful Instruction Set 

- Choice of 80 or 58 Instructions 

- Table Look-Up Capability with CZP and JPA Instructions 

- Single Bit Manipulation of RAM or I/O Ports 

- BCD Arithmetic Capability 

• Choice of 3-Level, 2-Level, or 1-Level Subroutine Stack 

• Extensive I/O Capability 

- Choice of 35 or 21 I/O Lines 

42/52-Pin Packages 28-Pin Package 

- 4-Bit Input Ports 2 1 

- 4-Bit I/O Ports 2 2 

- 4-Bit Output Ports 4 2 

- 3-Bit Output Ports 1 - 

- 1-Bit Output Port - 




1 

Programmable 6-Bit Timer Available 
Choice of Hardware or Testable Interrupt 
Built-in Clock Signal Generation Circuitry 
Built-in Reset Circuitry 
Single Power Supply 
Low Power Consumption 
PMOS or CMOS Technologies 
Choice of 42-pin DIP, 28-pin DIP, or 52-pin Flat Plastic Package 
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Internal Registers 

The ALU, the Accumulator, and the Carry Flag together comprise the central portion 
of the juCOM-4 Microcomputer Family architecture. The ALU performs the arithmetic 
and logical operations and checks for various results. The Accumulator stores the 
results generated by the ALU and acts as the major interface point between the RAM, 
the I/O ports, and the Data Pointer registers. The Carry F/F can be addressed directly, 
and can also be set during an addition. The juPD546, /uPD553, MPD557 L, and /xPD650 
also have a Carry Save F/F for storage the value of the Carry F/F. 



FUNCTIONAL 
DESCRIPTION 



Data Pointer Registers 

The DPh register and 4-bit DP|_ register reside outside the RAM. They function as the 
Data Pointer, addressing the rows and columns of the RAM, respectively. They are 
individually accessible and the L register can be automatically incremented or 
decremented. 

RAM 

All ^COM-4 microcomputers have a static RAM organized into a multiple-row by 
16-column configuration, as follows: 



MICROCOMPUTER 


RAM 


ORGANIZATION 


dph dp l 


fzPD546,MPD553, 
MPD557L, andMPD650 


96x4 


6 rows x 16 columns 


3 4 


juPD547,mPD547L 
MPD552, and jliPD651 


64x4 


4 rows x 16 columns 


2 4 


mPD550,mPD550L, 
mPD554,mPD554L, 
and;uPD652 


32x4 


2 rows x 16 columns 


1 4 



The /UPD546, MPD553, juPD557L, and juPD650 also have a 4-bit Flag register and six 
4-bit working registers resident in the last row of the RAM. Their extended instruction 
set provides 10 additional instructions with which you can access or manipulate these 
seven registers. 

ROM 

The ROM is the mask-programmable portion of the /iCOM-4 Microcomputer which 
stores the application program. It is organized as follows: 



MICROCOMPUTER 


ROM 


ORGANIZATION 


FIELDS 


PAGES 


juPD546,mPD553, 
MPD557L, and mPD650 


2000 x 8 


8 


16 


mPD547,mPD547L, 
mPD552,mPD651 


1000x8 


8 


8 


mPD554,mPD554L, 
and mPD652 


1000x8 


8 


8 


MPD550 andMPD550L 


640x8 


8 


8 



144 



pCOM-4 



FUNCTIONAL Program Counter and Stack Register 

DESCRIPTION The Program Counter contains the address of a particular instruction being executed. 
(CONT.) It is incremented during normal operation, but can be modified by various JUMP and 
CALL instructions. The Stack Register is a LIFO push-down stack register used to save 
the value of the Program Counter when a subroutine is called. It is organized as follows: 



MICROCOMPUTER 


STACK 
ORGANIZATION 


ALLOWABLE 
SUBROUTINE CALLS 


MPD546, MPD553, 
MPD!j57L,andMPD650 


3 words x 1 1 bits 


3 Levels 


MPD651 


2 words x 10 bits 


2 Levels 


MPD547.MPD547L, 
and ;uPD552 


1 word x 10 bits 


1 Level 


mPD550,mPD550L, 
mPD554,mPD554L, 
andMPD652 


1 word x 10 bits 


1 Level 



Interrupts 

All /uCOM-4 microcomputers are equipped with a software-testable interrupt which 
skips an instruction if the Interrupt F/F has been set. The TIT instruction resets the 
Interrupt F/F. 

In addition, the mPD546,juPD553,mPD557L, and mPD650 have a level-triggered hard- 
ware interrupt, which causes an automatic stack level shift and interrupt service routine 
call when an interrupt occurs. 



Interval Timer 

The /zPD546, juPD553, /xPD557L, and juPD650 are equipped with a programmable 
6-bit interval timer which consists of a 6-bit polynomial counter and a 6-bit binary 
down counter. The STM instruction sets the initial value of the binary down counter 
and starts the timing. The polynomial counter decrements the binary down counter 
when 63 instruction cycles have been completed. When the binary down counter 
reaches zero, the timer F/F is set. The TTM instruction tests the timer F/F, and skips 
the next instruction if it is set. 



B 



Clock and Reset Circuitry 

The Clock Circuitry for any /xCOM-4 microcomputer can be implemented by connect- 
ing either an Intermediate Frequency Transformer (IFT) and a capacitor, or a Ceramic 
Resonator and two capacitors, to the CLn. and CLi Inputs. The Power-On-Reset 
Circuitry for any /xCOM-4 microcomputer can be implemented by connecting a 
Resistor, a Capacitor, and a Diode to the RESET input. 



145 



fiCOM-4 



I/O Capability FUNCTIONAL 

DESCRIPTION 

The jxCOM-4 microcomputer family devices have either 35 or 21 I/O lines, depending (CONT ) 

upon the individual device, for communication with and control of external circuitry. 
They are organized as follows: 



PORT 


SYMBOL 


FUNCTION 


mPD546,mPD547, 

mPD547L, M PD552, 

MPD553, mPD650, 

andMPD651 


mPD550,mPD550L, 

MPD554, mPD554L, 

MPDE.57L, and mPD652 


Port A 


p A -3 


4-Bit Input 


• 




Port B 


p Brj-3 


4-Bit Input 


• 




Port C 


PC -3 


4-Bit Input/Output 
(VF Drive Possible) 


• 




Port D 


PD -3 


■ 4-Bit Input/Output 
(VF Drive Possible) 


• 




Port E 


PEO-3 


4-Bit Output 

(VF Drive Possible) 


• 




Port F 


PFO-3 


4-Bit Output 

(VF Drive Possible) 


• 




Port G 


p G0-3 


4- Bit Output 

(VF Drive Possible) 


• 




PGq.1 


1-Bit Output 

(VF Drive Possible) 




• 


Port H 


p H -3 


4-Bit Output 

(VF Drive Possible) 


• 




Port I 


PI 0-2 


3-Bit Output 

(VF Drive Possible) 


• 





Development Tools 

The NEC Development System (NDS) is available for developing software service code, 
editing, and assembling source code into object code. In addition, the ASM-43 Cross 
Assembler is available for systems which support either the Intel ISIS-II Operating 
System or the CP/M (® Digital Research Corp.) Operating System. 

The EVAKIT-43P Evaluation Board is available for production device emulation and 
prototype system debugging. The SE-43P Emulation Board is available for demon- 
strating the final system design. The /UPD556B ROM-less Evaluation, Chip is available 
for small pilot production. 
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MPD546, MPD553, 
/xPD557L,mPD650 
BLOCK DIAGRAM 



/iCOM-4 



P'0-2 <$= 



PG -3<3r= G 



pho-3 <Jrr) h |^2zzzzzzzz 

I 

fczzZZZZZZZA 



PFO-3 <Jz= f ^y///////| 



peq-3 <Jzq e \$zzzzzzzzzfy 



PDO-3 <£r> 

pco-3 <J^> c 

p Bo-3 crj> B |^> 

pao-3 crC> 



B 

7ZZZZZZZZZA 



A^J 



W2ZZZZ. 



INSTRUCTION BUS 8 BIT 



RAM 
DECODER 



RAM 
96x4 



A \ R/ 

N * BUF 



4{////MHM//////, 



INTERFACE 




CONTROL 

AND 

DECODE 



TIMER £s 



K= 



INTERRUPT 
CONTROL 



CLo< 
CL1< 



CLOCK 
GENERATOR 



ROM 
2000 x 8 



Z£ 



11-BIT 
PROGR AM COUNTER 



INT RES 



Note.- Block diagram above applies to mPD546, mPD553, and mPD650 4-bit microcomputers. The 
MPD557L block diagram is similar to the above, except that PBq-3, PGi_3, PHo-3, and 
PIq-2 nave been eliminated to accommodate the ^PD557L's 28-pin package. 



AiPD547,//PD547L, 
/xPD552,mPD651 
BLOCK DIAGRAM 



m 



\z 



n 
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pfo-3 <=: 

PEO-3 <£= 
PDO-3 <$=$ 



G <£zzzzz; 



«= 



E <£ZZZZZZ 



zzzzzk 



<^0 c 



V 3 n=> a ^> 



zzz 



RAM 
DECODER 



RAM 
32X4 



rrrr. 



//PD550, /XPD550L, 

mPD554,mPD554L, 

MPD652 

BLOCK DIAGRAM 



en 



UP/DOWN 
COUNTER 



INSTRUCTION BUS 8 BIT 



<£, zzzzz> 



DPl 



^ 



dp h (^7777 



C 



4 BIT/ 



N , RAM 

* BUFFER 



W 



I/O 
INTERFACE 



N 4 BIT 



r^> 



Q-BUS 
a BIT 



I 



CONTROL 

AND 
DECODE 



7TT 






Cq 



t$ 



CLO' 
CL1< 



CLOCK 
GENERATOR 



INT 

F/F 



wPD55 ° \ 640x8 
M PD550Ll 

MPD554 1 

mPD554l|- 1000 x 8 
/jPD652 | 



izs: 



10-BIT 
PROGRAM COUNTER 



=3 



7S 



iz 



The /uPD546, juPD553, juPD557L, and mPD650 execute all 80 instructions of the 
extended juCOM-4 instruction set. The 22 additional instructions are indicated by 
shading. 

The MPD547, MPD547L, mPD550, juPD550L, /xPD552, juPD554, mP#554L, /zPD651 , 
and /uPD652 execute a 58 instruction subset of the //COM-4 instruction set. 



INSTRUCTION SET 
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INSTRUCTION SET 
SYMBOL DEFINITIONS 



pCOM-4 

The following abbreviations are used in the description of the juCOM-4 instruction set: 



SYMBOL | EXPLANATION AND USE 


ACC 


Accumulator 


AcC n 


Bit "n" of Accumulator 


address 


Immediate address 


C 


Carry F/F 


C 


Carry Save F/F 


data 


Immediate data 


D n 


Bit "n" of immediate data or immediate address 


DP 


Data Pointer 


DP H 


Upper Bits of Data Pointer 


DPl 


Lower 4 Bits of Data Pointer 


FLAG 


FLAG Register 


INTE F/F 


Interrupt Enable F/F 


INTF/F 


Interrupt F/F 


P( ) 


Parallel Input/Output Port addressed by the value within the brackets 


Pn 


Bit "n" of Program Counter 


PA 


Input Port A 


PC 


Input/Output Port C 


PD 


Input/Output Port D 


PE 


Output Port E 


R 


R Register 


S 


S Register 


SKIP 


Number of Bytes in next instruction when skip condition occurs 


STACK 


Stack Register 


TC 


6-Bit Binary Down Timer Counter 


TIMER F/F 


Timer F/F 


W 


W Register 


X 


X Register 


Y 


Y Register 


Z 


Z Register 


( ) 


The contents of RAM addressed by the value within the brackets 


[ J 


The contents of ROM addressed by the value within the brackets 


■«- 


Load, Store, or Transfer 


*>• 


Exchange 


- 


Complement 


V 


LOGICAL EXCLUSIVE OR 




Applies to MPD546, /zPD553, mPD556B,/xPD557L, and /xPD650 only 



B 
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INSTRUCTION SET 



MNEMONIC 


FUNCTION 


DESCRIPTION 


INSTRUCTION CODE 


BYTES 


CYCLES 


SKIP 
CONDITION 


D7 


De 


D B D 4 


D 3 


02 


Di DO 


LOAD 


LI data 


A C C *- DM 


Load Acc wltn 4 blt * °' Imme- 
diate data; execute lucctedlng 
LI Instructions at NOP 
Inttructloni 


1 





1 


D3 


D 2 


Dl Do 


1 


1 


String 


L 


Acc-IDP) 


Load Acc w l ,h '"• RAM contenti 
addreued by DP 








1 1 


1 








1 


1 




LM data 


A C C~(DP> 

DP H - DP H V Di-0 


Load Acc w l' n tnt RAM contenti 
addreued by DP; Perform a 
LOGICAL EXCLUSIVE-OR 
Between DPh and 2 bits of 
Immediate Data; Store the result 
In DPh 








1 1 


1 





Dl D 


1 


1 




LDI data 


DP - Dg-O 


Load DP with 7 bits of Immediate 
data 








°6 


1 
D 5 D 4 



D-3 


1 
D 2 


1 
D1 DO 


2 


2 




LDZ data 


DP H «-0 
DPl - D3.0 


Load DPh with 0; 
Load DPl with 4 bits of 
immediate data 


1 








D3 


D 2 


D1 Do 


1 


1 




STORE 


S 


(DP)-A CC 


Store Acc int0 ,he RAM location 
addressed by DP 














1 





1 


1 




TRANSFER 


TAL 


DP U «- Acc 


Transfer Acc t0 DPl 














1 


1 1 


1 


1 




TLA 


Acg -DPl 


Transfer DPl to Acc 








1 








1 


1 


1 




TAW 









1 




















■- 


--+"■ 


T) ' 


*"^i>s* 


- r i$**" 


I 


"*'* " l 


2 




THX 




Transfer DP H to X 


D 










TLY 






%"»* 


1 





i«Q*rf 


1 


1 


... ^4-W 




.V ,„„,,,,„. y,„„; 




EXCHANGE 


X 


A C C - (D p ) 


Exchange A with the RAM con- 
tents addressed by DP 








1 


1 








1 


1 




XI 


A C C - (DP) 
DP L «-DP L + 1 
Skip If DP|_ - OH 


Exchange Acc w ' th RAM con- 
tents addressed by DP; increment 
DPl; Skip if DPl - OH 








1 1 


1 


1 





1 


1 +S 


DPl -OH 


XD 


A C C "(DP) 
DPl <- DPl- 1 
Skip if DP L -FH 


Exchange Acc wrth the RAM 
contents addressed by DP; 
decrement DPl; Skip if DPl - FH 








1 


1 


1 





1 


1 +S 


DP L -FH 


XM data 


A C C - (DP) 
DP H -DP H VDi-0 


Exchenge Acc w ' ,n tne RAM 
contents addressed by DP; Per- 
form e LOGICAL EXCLUSIVE- 
OR Between DPh and 2 bits of 
immediate data; store the results 
in DPh 








1 


1 





Dl D 


1 


1 




XMI data 


Acc«(DPI 
DP H -DP H VD1^ 
DP l -DPl + 1 
Skip if DP L -OH 


Exchenge Acc wl ' n ,ns RAM 
contents addressed by DP; Per- 
form a LOGICAL EXCLUSIVE- 
OR Between DPh and 2 bits of 
immediate data; store the results 
in DPh increment DPl; Skip if 
DP L - OH 








1 1 


1 


1 


Dl Do 


1 


1 +S 


DP L OH 


XMD data 


A C C « (DP) 
DP H «-DP H VDi.o 
DPl«-DPl-1 
Skip if DP L -FH 


Exchange Acc witn ,he RAM 
contents addressed by DP; Per- 
form a LOGICAL EXCLUSIVE- 
OR Between DPh and 2 bits of 
immediate data; store the results 
in DPh decrement DPl; Skip if 
DP L -FH 








1 


1 


1 


Dl D 


1 


1 +s 


DPl-FH 


XAW 


Acc-W 


Exchenge A c c with W 





1 


It' 


1 


■ 






' 


XAZ 


AcC"Z 


Exchange Acc wl,h ? 





1 




JSIyJ, 


"V" 


1 


1 


2 


■ \ \ 


XHR 


DPh«« 


' Exchange DPh wi'hR 


TT* 


~"T- 


~~if ksta iQ ,a 


aafss. 


t 


Q 1 


1 


2 


~ ' '""! 


XHX 


.DP H .r x ' 


Exchange DPh wcth X 





""""?* 


""■H^—"jjr 


...ijj.,,. 


■ '- . j 


1 


2 


. ...,., -^^ 


XLS 


DP[. « S Register 


Exchange DPl with S Register 





'""T" 


- ' if — o- 




K A 


1 


■* T *J - J - 




XLY 


''''521*' "^^"~" '" 


Exchange DPl with Y 





1 


■°**\* $^J££&~*«*. 


**T* 


1 


1 


1 


2 




xc 


c « c +~^*., «,-, ., 


Exchange Carry ~7F with 
' Carry Save F/F 


1 0" 





~ 1 1 1 





* 1 ft 


1 


1 


V *' ■ vi 






: 
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(CONT.) 



jiCOM-4 



MNEMONIC 


FUNCTION 


DESCRIPTION 


INSTRUCTION CODE 


BYTES 


CYCLES 


SKIP 
CONDITION 


07 06 O5 


D4 


03 


D 2 


Dl 


D 


' ■ ■ . . . . . . . , . 

ARITHMETIC 




AD 


ACC *• ACC + <D p > 
Skip If overflow 


Add the RAM contents addressed 
by DP to Acc; 5,<| P " overflow is 
generated 








1 











1 


1 +S 


Overflow 


ADC 


Acc-Acc+(DP) + C 
If overflow occurs, 
C«-1 


Add the RAM contents addressed 
by DP, and the Carry F/F to Acc; 
If overflow occurs, set carry F/F 





1 


1 


0. 





1 


1 


1 




ADS 


AcC-*-Acc + (DP) + C 
if overflow occurs, 
C «- 1 and skip 


Add the RAM contents addressed 
by DP and the carry F/F to Acc; 
If overflow occurs, set Carry F/F 
and skip 








1 








1 


1 


1 +s 


Overflow 


DAA 


AcC *" Acc + 6 


Add 6 to Acc t0 Adjust 
Decimal for BCD Addition 











1 


1 





1 


1 




DAS 


Ace- Ace + 10 


Add 1 to Acc to Adjust 
Decimal for BCD Subtraction 








,1 





1 





1 


1 




LOGICAL 


EXL 


AcC - ACC V (DP) 


Perform a LOGICAL 
EXCLUSIVE-OR between the 
RAM contents addressed by DP 
and Acc; » tore tne wit In Acc 







1 











1 


1 




ACCUMULATOR 


CLA 


Acc-O 


Clear Acc '° za '° 


1 


1 














1 


1 


String 


CMA 


Acc «" Acc 


Complement Acc 





1 














1 


1 




CIA 


AcC ♦- ACC + 1 


Complement A; Increment A 





1 











1 


1 


1 






" AcCn 1 *~ AcCn" 


Rotate A CC right through 


1 


1 














1 


1 






CARRY FLAG 














CLC 


C~0 


Reset Carry F/F to zero 








1 





1 


1 


1 


1 




STC 


C»-1 


Set Carry F/F to one 





1 


1 





1 


1 


1 


1 




TC 


Skip if C-1 


Skip if Carry F/F is true 





. 





1 








1 


1+S 


C-1 


■^trSfe^S^ 


-•- -Cix'"*!" "*\"TI/"' 


», 7, * ./'"is •: )*;"^- " j .,";':: ~\jfyfr' '. , « 












le.^jfK-rit., AKfeK* ., -J=± 




jWnlSfr 


vtm^ t -i " : '~ : "' 


Set a single bit (denoted by D i Do) 
of FLAG Registe? to one 


1 1 


1 


1 


1 


O, 


"" 1""" 


2 i 




J^Ssm *:£.!_ ".."." 


Reset a single bit (denoted by 
: 'Ol Do) of F*L AG Register to wro 


1 ,. 1 


.0 


.1 -., 


1 


»JB*,, 


00 


* , 1,* »» 


£«».£.,.,.,„-,,. 


*•■"--■ "'- 


wk§*~.^ 


:^tpl'fLAbbit;' 


Skip if a single bit Idenoted by 
l. JDjJC-g) of the FLAG Register is 
- true 


1 


1 


1 


1 


Pi 


Dq 


1 


i;J2.*.8U:». 


FLAGbii - 1 


9«C.-L_LL 


SkijJlf »rLAGbit »0 


Skip if a single bit (denoted by 
DvOfll of the FLAG Register is 
false 


1 











Bl 


DO 


i. I;i»..». 


2 + S 


FLAGbit 


INCREMENT AND DECREMENT 


INC 


Acc *" A CC + 1 
Skip If overflow 


Increment A; Skip If overflow 
is generated 








1 


1 







1 


1 +S 


Overflow 


DEC 


A CC - A CC " 1 
Skip if underflow 


Decrement A; Skip if underflow 
occurs 








1 


1 


1 




1 


1 +S 


Underflow 


IND 


DP L «-DP L + 1 
Skip if DP L = 0H 


Increment DPi_; 
Skip if DP L -0H 


1 


1 








1 




1 


1 +S 


DP L - OH 


DED 


DPl«-DPl- 1 
Skip if DP L -FH 


Decrement DP|_; 
Skip if DP L - FH 





1 








1 




1 


1 +S 


DP L -FH 






Increment the RAM contents 
addressed bv DP, Skip it the 
contents - OH 





1 


1 


1 







1 


1 +S 


<DP) - OH 


'aS»::s-.-sSj8'.» 


•^ip^jOPL" FH 


Decrement the RAM contents . 
addressed by DP; skip if the 

' contents = FH ' 


.0 


. 1 . 


1 


1 


1. 




„—J-,„. „., 


1 + S 


(DP) - FH 

=.= S =--=. i =, 












. 



m 
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pCOM-4 



INSTRUCTION SET 
(CONT.) 



MNEMONIC 






DESCRIPTION 


INSTRUCTION CODE 


BYTE8 


CYCLES 


SKIP 
CONDITION 


FUNCTION 


D 7 D B Dg D 4 


03 


D 2 


01 


Do 


BIT MANIPULATION 


RMB data 


<PP>bit~0 


Reset a single bit (denoted bv 
Di-DqJ of RAM at the location 
addressed by DP to zero 


110 


1 





Di 


DO 


1 


1 




SMB data 


(DP) bit «-1 


Set a single bit (denoted by Di Do) 
of RAM at the location addressed 
by DP to one 


11 1 


1 





01 


Do 


1 


1 




REBdata 


PEbit-0 


Reset e single bit (denoted by 
D1 Do) of output Port E to zero 


110 





1 


D1 


Do 


1 


2 




SEBdata 


PEblt - 1 


Set a single bit (denoted by Di Do) 
of output Port E to one 


11 1 





1 


D1 


DO 


1 


2 




RPB data 


P(DP L l bit ~0 


Reset a single bit (denoted by 
D1 Do) of the output port 
addressed by DP|_ to zero 


110 








Di 


Do 


1 


1 




SPB data 


P(DP L )bit - 1 


Set a single bit (denoted by Dy Do) 
of the output port addressed by 
DP L 


111 








Di 


Do 


1 


1 




JUMP, CALL AND RETURN 


JMP address 


P 10-0«-D10-0 


Jump to the address specified by 
1 1 bits of Immediate data 


1 10 
D 7 D 6 Drj D 4 




D3 


D 10 
D 2 


D 9 

Di 


D 8 
D 


2 


2 




JCP address 


P5-0 - D5-0 


Jump to the address within the 
current ROM page specified by 
6 bits of immediate date 


1 1 0;; D4 


D 3 


D 2 


D1 


Do 


1 


1 




JPA 


P5-2 - A CC 

Pl-0«-00 


Jump to the address within the 
current ROM page modified by 
A CC 


10 











1 


1 


2 




CAL address 


Stack «-P + 2 
P 10-0"-D10-0 


Store a return address (P + 2) in 
the stack; call the subroutine pro- 
gram at the location specified by 
1 1 bits of immediate data 


10 10 
D 7 D6 D 5 D4 


1 

D3 


D10 
D 2 


D9 

D1 


o 8 

DO 


2 


2 




CZP address 


Stack «- P + 1 

P^[ -6- 00000 

P6-2 - C-3-0 
Pi .0-00 


Store a return address (P + 1 1 In 
the stack; call the subroutine pro- 
gram at one of sixteen locations in 
Page of Field 0, specified bv 4 
bits of immediate data 


10 11 


D 3 


D 2 


D1 


DO 


1 


1 




RT 


P - Stack 


Return from Subroutine 


1 G 


1 





q 





1 


2 




RTS 


P - Stack 

Skip unconditionally 


Return from Subroutine; skip 
unconditionally 


1 C 


1 








1 


1 


2 + S 


Unconditional 


SKIP 


CI data 


Skip if Ace ■ D3-0 


Skip if Ace equals 4 bits of 
immediate data 


1 
110 




D3 


1 
D 2 


'i . 

D1 


1 
Do 


2 


2 + S 


ACC ' D3-0 


CM 


Skip if A C C "= (DP) 


Skip if Ace equals the RAM 
contents addressed by DP 





1 


1 








1 


1 +S 


A C C - (DP) 


CMB dat8 


Skip if A CCbit - <DP> b it 


Skip if the single bit (denoted by 
D1 Do) of Ace. '» ^l" 8 ' t0 tns 
single bit (also denoted by DiDrj) 
of RAM addressed by DP 


11 





1 ■■ 


°\ 


Do 


1 


1 +S 


AcC bit ' (DP)bit 


TAB data 


Skip if A CCbit - 1 


Skip if the single bit (denoted by 
DiDolof AcC'" rue 


O.I 





1 


Di 


Do 


1 


1 +s 


A cc bit -1 


CLI data 


Skip if DP|_- Djo 


Skip If DP[_ equals 4 bits of 
immediate data 


1 
1110 




D3 


1 
D 2 


1 
D1 



Do 


2 


2 + S 


DPL - D3.0 


TMB data 


Skip If (DPI bf , - 1 


Skip if the single bit (denoted by 
D1D0) of the RAM location 
addressed by DP is true 


10 1 


1 





Di 


Do 


1 


1 +S' 


(DP) bit -l 


TPA data 


Skip if PAbit - 1 


Skip if the single bit (denoted by 
D1D0) of Port A is true 


10 1 





1 


Di 


DO 


1 


2 + S. 


PAbit ' 1 


TPB data 


Skip if P(DP L ) b|t - 1 


Skip if the single bit (denoted by 
D1D0) of the input Port 
addressed by DP|_ is true 


10 1 








°1 


Do 


1 


1 +S 


P(DP L l b|t - 1 










SSSEEEKSSS: rsTSWilT 


=^o$**«b>r>«"©r 




4^ 


*-■•»■■ I 

„ r i • " - j - 














™™'™!is' ! T???^** 


8jJHH9j|BWjHBS^ 


--<$- 


T 9 " 


**jr" 


~*t* • 


- --T 


1 +s 


TIMER F/F - 1 
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jiCOM-4 



INSTRUCTION SET 
(CONT.) 



MNEMONIC 


FUNCTION 


DESCRIPTION 


INSTRUCTION CODE 


BYTES 


CYCLES 


SKIP 
CONDITION 


D7 De D5 D4 D3 D2 


Dl 


Do 








INTERRUPT 


TIT 


Skip if INTF/F =1 


Skip if Interrupt F/F is true; 
Reset Interrupt F/F 


1 1 


1 


1 +S 


INT F/F -1 


•«». - -•_ -- 


■ tNTE, F/F ~lY,_" ...... 


Set Interrupt Enable F/F to 
"pM; trmB\nwr^gf _ m 


t ,0 1 „ . 1 . 





1 


1 


1 




w,:.... -^i. 


..tNTEF/F-O.,';'. '.....Z.... 


. Reset. Interrupt Enable F/F to 
-•wrp; Disable Interrupt " 


9 





1 


, rV .^J ._ 


S .,_,^L_ .'. 






PARALLEL I/O 




IA 


Acc *~ PA 


Input Port A to Acc 


10 








1 


2 




IP 


A C C - P(DPJ 


Input the Port addressed by 
DP L to A C C 


1 1 


1 





1 


1 




OE 


PE «- A CC 


Output Acc t0 Port E 


1 1 








1 


2 




OP 


P(DP L ) «- A CC 


Output Acc t0 ,nB P° rt 
addressed by DPl 


1 1 


1 





1 


1 




OCD 


PD3.0 <- D7.4 
PC3.0 «- D3.0 


Output 8 bits of immediate 
data to Ports C and D 


1 1 1 
D7 D6 D5 D4 D3 D2 


1 

D1 



DO 


2 


2 




CPU CONTROL 


NOP 




Perform no operation; con- 
sume one machine cycle 











1 


1 
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Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


56.0 MAX 


2.2 MAX 


B 


2.6 MAX 


0.1 MAX 


C 


2.54 


0.1 


D 


0,5 ±0.1 


0.02 ± 0.004 


E 


50.8 


2.0 


F 


1.5 


0.059 


G 


3.2 MIN 


0.126 MIN 


H 


0.5 MIN 


0.02 MIN 


I 


5.22 MAX 


0.20 MAX 


J 


5.72 MAX 


0.22 MAX 


K 


15.24 


0.6 


L 


13.2 


0.52 


M 


0.3 ± 0.1 


0.01 ± 0.004 



PACKAGE 
OUTLINES 

42-PIN DIP 

MPD546C 

MPD547C 

MPD547LC 

MPD552C 

MPD553C 

MPD650C 

MPD651C 




28-PIN DIP 

MPD550C 

MPD550LC 

MPD554C 

MPD554LC 

MPD557LC 

//PD652C 



Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


38.0 MAX 


1.496 MAX 


B 


2.49 


0.098 


C 


2.54 


0.10 


D 


0.5 i 0.1 


0.02 i 0.004 


E 


33.02 


1.3 


F 


1.5 


0.059 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.02 MIN 


I 


5.22 MAX 


0.205 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.6 


L 


13.2 


0.52 


M 


„, c +0.10 
025 -0.05 


„„, +0 004 
001 -0.002 
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/iCOM-4 



52-PIN FLAT PLASTIC 

PACKAGE 

MPD651G 




PLASTIC 



ITEM 


MILLIMETERS 


INCHES 


A 


12.0 MAX 


0.47 MAX 


B 


1.0 ±0.1 


0.04 ± 0.004 


C 


14.0 


0.55 


D 


0.4 


0.016 


E 


21 .8 ± 0.4 


0.86 ±0.016 


F 


0.15 


0.006 


G 


2.6 


0.1 
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SEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 

4-BIT SINGLE CHIP MICROCOMPUTERS 



fiPD546 
pPD547 



DESCRIPTION 



PIN CONFIGURATION 



The/iPD546 and the ;uPD547 are pin-compatible 4-bit single chip microcomputers 
which have similar architectures. 

Thej/PD546 contains a 2000 x 8-bit ROM, and a 96 x 4-bit RAM which includes six 
working registers and the Flag register. It has a I eve I -triggered hardware interrupt, a 
three-level stack, and a programmable 6-bit timer. The juPD546 executes all 80 instruc- 
tions of the extended /uCOM-4 family instruction set. 

TheMPD547 contains a 1000 x 8-bit ROM and a 64 x 4-bit RAM. It has a testable 
interrupt input INT, a single-level stack, and executes all 58 instructions of the 
juCOM-4 family instruction set. The /uPD547 is upward compatible with the /xPD546. 
Both the juPD546 and the juPD547 provide 35 I/O lines organized into the 4-bit input 
Ports A and B, the 4-bit I/O Ports C and D, the 4-bit output Ports E, F, G, and H, and 
the 3-bit output Port I. Both devices typically execute their instructions with a 10 ;us 
instruction cycle time. The /xPD546 and the /xPD547 are manufactured with a standard 
PMOS process, allowing use of a single -10V power supply, and are available in a 
42-pin dual-in-line plastic package. 

PIN NAMES 



CLiC 


1 


V 


42 


DCLo 


PC C 


2 




41 


^VGG 


PCiC 


3 




40 


DPB 3 


PC 2 C 


4 




39 


3PB 2 


PC3C 


5 




38 


DPB1 


INTC 


6 




37 


3>B 


RESET C 






36 


3pa 3 


PDoC 


8 




35 


DPA2 


PDiC 


9 




34 


DPAi 


PD 2 C 


10 


/iPD 


33 


DPAfj 


P03C 


11 


546/ 


32 


DPI2 


PE0C 


12 


547 


31 


DPI1 


PE1C 


13 




30 


DPI0 


PE 2 C 


14 




29 


3PH3 


PE 3 C 


15 




28 


DPH 2 


PFOC 


16 




27 


Hphi 


PF1C 


17 




26 


3ph 


PF2C 


18 




25 


DPG 3 


PP3C 


19 




24 


DPG2 


TESTE 


20 




23 


DPG1 


V S sC 


21 




22 


DPGo 



PA -PA 3 


Input Port A 


PB0-PB3 


Input Port B 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PG0-PG3 


Output Port G 


PH0-PH3 


Output Port H 


PI0-PI2 


Output Port 1 


INT 


Interrupt Input 


CUo-CLt 


External Clock Signals 


RESET 


Reset 


VGG 


Power Supply Negative 


v S s 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vss> 




ABSOLUTE- MAXIMUM 
RATINGS* 



Operating Temperature - 10°C to +70°C 

Storage Temperature . . . -40°C to +125° C 

Supply Voltage, Vqg - 1 5 to +0.3V 

Input Voltages - 15 to +0.3V 

Output Voltages . -15 to +0.3V 

Output Current (Ports C through I, each bit) -4 mA 

(Total, all ports) -25 mA 

T a = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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fiPD546/547 



T a = -10°Cto+70°C;V G G = -10V 


i- 10% 












PARAMETER 


SYMBOL 


LIMITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Input Voltage High 


V|H 







-2.0 


V 


Ports A through D, INT, 
RESET 


Input Voltage Low 


V|L 


-4.3 




VGG 


V 


Ports A through D, INT, 
RESET 


Clock Voltage High 


V0H 







-0.8 


V 


CLrj Input, External Clock 


Clock Voltage Low 


V0L 


-6.0 




V G G 


V 


CLo Input, External Clock 


Input Leakage Current High 


"lih 






+10 


HA 


Ports A through D, INT, 
RESET, V| =-1V 


Input Leakage Current Low 


>LIL 






-10 


MA 


Ports A through D, INT, 
RESET, V| = -11V 


Clock Input Leakage Current High 


'L0H 






+200 


KA 


CL Input, V^ H =0V 


Clock Input Leakage Current Low 


'l«l 






-200 


M 


CLo Input, V0|_ = -11V 


Output Voltage High 


VOH, 






-1.0 


V 


Ports C through 1, 
'OH '-10 mA 


V H 2 






-2.3 


V 


Ports C through I, 

'OH '-3.3 mA 


Output Leakage Current Low 


'LOL 






-10 


»A 


Ports C through 1, 
Vq»-11V 


Supply Current 


'GG 




-30 


-50 


mA 





DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


pF 


f - 1 MHz 


Output Capacitance 


CO 






15 


pF 


Input/Output Capacitance 


Cio 






15 


pF 



CAPACITANCE 



T a - -10°C to +70°C; Vqg - 


-10V ± 10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f 


150 




440 


KHz 




Rise and Fall Times 


tr.tf 







0.3 


MS 


EXTERNAL CLOCK 


Clock Pulse Width High 


t^WH 


0.5 




5.6 


MS 


Clock Pulse Width Low 


**W L 


0.5 




5.6 


M« 



AC CHARACTERISTICS 




CLOCK WAVEFORM 
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MEC 

NEC Electronics USA 

Microcomputer Division 



/APD557L 



Inc. 



DESCRIPTION 



PIN CONFIGURATION 



4-BIT SINGLE CHIP MICROCOMPUTER WITH 
VACUUM FLUORESCENT DISPLAY DRIVE 
CAPABILITY 

The//PD557L is a 4-bit single chip microcomputer which has the same architecture as 
the MPD553, but is pin-compatible with the ^PD550L and the juPD554L. The /uPD557L 
contains a 2000 x 8-bit ROM and a 96 x 4-bit RAM, which includes six working regis- 
ters and the FLAG register. It has a lever-triggered hardware interrupt input JNT, a 
three-level stack and a 6-bit programmable timer. The/iPD557L provides 21 I/O lines, 
organized into the 4-bit input port A, the 4-bit I/O ports C and D, and the 4-bit output 
ports E and F, and the 1-bit output port G. The 17 I/O ports and output ports are 
capable of being pulled to -35V in order to drive Vacuum Fluorescent Displays directly. 
The MPD557L typically executes all 80 instructions of the extended /uCOM-4 family 
instruction set with a 25 ms instruction cycle time. It is manufactured with a modified 
PMOS process, allowing use of a single -8V power supply and is available in a 28-pin 
dual-in-line plastic package. 

The^PD550Land thejuPD554L are upward-compatible with the/xPD557L. 

PIN NAMES 



CMC 


1 


KJ 


28 


3 CLrj. 


pcoC 


2 




27 


D V GG 


pciC 


3 




26 


3 RESET 


pc 2 C 


4 




25 


Z2 INT 


PC3d 


5 




24 


3 PA 3 


PDoC 


6 




23 


3 pa 2 


PDlC 


7 


mpd 


22 


3 PA1 


PD 2 C 


8 


557L 


21 


3 PA 


PD 3 C 


9 




20 


3 PG 


p E0C 


10 




19 


3 PF3 


PE iC 


11 




18 


3 pf 2 


PE 2 C 


12 




17 


Dpfi 


PE 3 (I 


13 




16 


3 pfo 


vssC 


14 




15 


Dtest 



PA0-PA3 


Input Port A 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PG 


Output Port G 


InT 


Interrupt Input 


CLq-CLt 


External Clock Signals 


RESET 


Reset 


VGG 


Power Supply Negative 


vss 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vss) 



E 



ABSOLUTE MAXIMUM 
RATINGS* 



Operating Temperature - 10°C to +70°C 

Storage Temperature -40°C to +125°C 

Supply Voltage, V G G ■ ._ Li - - 15 to +0.3V 

Input Voltages (Port A, INT, RESET) -15 to +0.3V 

(Ports C, D) -40 to +0.3V 

Output Voltages -40 to +0.3V 

Output Current (Ports C, D, each bit) -4 mA 

(Ports E, F, G, each bit) -25 m A 

(Total, all ports) - 100 mA 

T a = 25°C 

"COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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ftPD557L 



T a - -10°C to +70°C; Vqg " -8 - ov 


± 10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage High 


V|H 







-2.5 


V 


Ports A, C, D, INT, RESET 


Input Voltage Low 


V|L, 


-6.5 




V G G 


V 


Ports A, INT, RESET 


V|L 2 


-6.5 




-35 


V 


Ports C, D 


Clock Voltage High 


V«H 







-0.6 


V 


CLo Input, External Clock 


Clock Voltage Low 


V*L 


-5.0 




VGG 


V 


CLo Input, External Clock 


Input Leakage Current High 


"LIH 






+10 


MA 


Ports A, C, 0, INT, RESET 
V|*=-1V 


Input Leakage Current Low 


"LlUi 






-10 


ma 


Ports A, C,D, INT, RESET-. 
V|--9V 


'LIL2 






-30 


*"A 


Ports C,D,V|- -35V 


Clock Input Leakage Current High 


'L0H 






+200 


MA 


CLo Input, Vtf,H = ov 


Clock Input Leakage Current Low 


>L0L 






-200 


/xA 


CLo Input, V0|_--9V . 


Output Voltage High 


VoHt 






-1.0 


V 


Ports CthsOggh G, 
l OH =-2m4 


VOH 2 






-4.0 


V 


Ports E, F, Ci, Iqh ' -20 mA 


Output Leakage Current Low 


"LOLt 






-10 


MA 


Ports C through G, 
Vo=-9V 


'LOL2 






-30 


HA 


Ports C through G, 
VQ--35V 


Supply Current 


IGG 




-20 


-36 


mA 





DC CHARACTERISTICS 



T a = 25°C; 














PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


pF 


f- 1 MHz 


Output Capacitance 


CO 






15 


pF 


Input/Output Capacitance 


Cio 






15 


pF 



CAPACITANCE 



T a - -10°C to +70°C; Vqg - -8.0V 


± 10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f 


100 




180 


kHz 




Rise and Fall Times 


tr.tf 







0.3 


US 


External Clock 


Clock Pulse Width High 


•#/h 


2.0 




8.0 


US 


Clock Pulse Width Low 


t*w L 


2.0 




8.0 


MS 



AC CHARACTERISTICS 



vss -- 

V 0H 

V0L . . _ . 
VGG 



• 1/f. 



t0W H - 



-VWl- 



tf 



CLOCK WAVEFORM 
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NEC " PD650 

NEC Electronics U.S.A. Inc. » lPD651 

Microcomputer Division 

CMOS 4-BIT SINGLE CHIP MICROCOMPUTERS 



DESCRIPTION 



PIN CONFIGURATION 



The jxPD650 and the juPD651 are pin-compatible CMOS 4-bit single chip microcom- 
puters which have similar architectures. 

The ;uPD650 contains a 2000 x 8-bit ROM, and a 96 x 4-bit RAM which includes six 
working registers and the Flag register. It has a I eve I -triggered hardware interrupt, a 
three-level stack, and a programmable 6-bit Timer. The //PD650 executes all 80 
instructions of the extended juCOM-4 family instruction set. The ^PD651 contains a 
1000 x 8-bit ROM and a 64 x 4-bit RAM. It has a testable interrupt input l"rTT, a two- 
level stack, and executes all 58 instructions of the /uCOM-4 family instruction set. The 
>PD651 is upward-compatible with the MPD650. 

Both the /xPD650 and the /x p D651 provide 35 I/O lines, organized into the 4-bit input 
ports A and B, the 4-bit I/O ports C and D, the 4-bit output ports E, F, G, and H, and 
the 3-bit output port I. Both devices typically execute their instructions with a 10 (is 
instruction cycle time. The MPD650 and the /iPD651 are manufactured with a standard 
CMOS process, allowing use of a single +5V power supply, and are available in a 42-pin 
Dual-in-line plastic package. The juPD651 is also available in a space-saving 52-pin flat 
plastic package. 



CMC 1 
PCoC 2 
PClC 3 
PC 2 C 4 
PC3C S 
WTC 6 
RESET C 7 
PDoC 8 
PDiC 9 
PD2C 10 
PD3C 11 
PE0C12 
PElCU 
PE 2 C 14 
PE3C15 
PF0C16 
PFlC 17 
PP2C 18 
PF3C19 
TEST C 20 
V CCC 21 



mpd 

650C/ 
651 C 



42JCL0 
41 3 V S s 
40 UPB3 
39 3 PB2 
38 3PB1 
37 U'PBo 
36IJPA3 

35 3PA2 
34 3 PAi 
33 ZTPArj 
32 JPI2 
31 3 PI l 
30 3 Pl 
29 3 PH3 
28^PH2 
27 3PH1 
26 3 PHo 
25 3 PG3 
24 3 PG2 
23D p Gl 
22D PG 



£22221 SSiSiS 




PA0-PA3 


Input Port A 


PB0-PB3 


Input Port B 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PG0-PG3 


Output Port G 


PH0-PH3 


Output Port H 


PI0-PI2 


Output Port 1 


RJT 


Interrupt Input 


ci-o-CM 


External Clock Signals 


RESET 


Reset 


vcc 


Power Supply Positive 


VSS 


Ground 


TEST 


Factory Test Pin 
(Connect to Vrjc) 


NC 


No Connection 




u " rt n uou «- o •- c* nth- 

2 SSSJ?dS!d2i?i!2i 
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fiPD650/651 



ABSOLUTE MAXIMUM 
RATINGS* 



T, - -30°C to +85°C; Vcc - +5V ±10% 



Operating Temperature ; -30°Q to +85° C 

Storage Temperature .-55°C to +125°C 

Supply Voltage, Vcc . . ., -0.3 to +7 .0V 

Input Voltages (Ports A through D, INT, RESET) -0.3 to Vcc +0.3V 

Output Voltages -0.3 to Vcc +0.3V 

Output Current (Ports C through I, each bit) 2.5 mA 

T = 25°C (Total, all ports) 28 mA 

♦COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage High 


V|H 


0.7 V CC 




vcc 


V 


Ports A through D, INT 
RESET 


Input Voltage Low 


VlL 







0.3 V C C 


V 


Ports A through D, INT 
HESET 


Clock Voltage High 


V«H 


0.7 V CC 




VCC 


V 


CLo Input, Externel Clock 


Clock Voltage Low 


V«,L 







0.3 V C C 


V 


CLo Input, External Clock 


Input Leakage Current High 


'LIH 






+10 


#iA 


?orts A through D, INT 
RESET, V| - V C C 


Input Leakage Current Low 


'L!L 






-10 


MA 


Ports A through D, INT, 
RESET, V| -0V 


Clock Input Leakage Current High 


'l«h 






+200 


uA 


CLo Input, V^ H - Vcc 


Clock Input Leakage Current Low 


'l«l 






-200 


MA 


CLq Input, V^l-OV 


Output Voltage High 


voh. 


V C C "0.5 






V 


Ports C through I, 
lOH --1-OmA 


VOH 2 


VCC "2-5 






V 


Ports C through 1, 
'OH --2.0mA 


Output Voltage Low 


vol. 






+0.6 


V 


Ports E through 1, 
IOL" + 2-0mA 


VOL 2 






+0.4 


V 


Ports E through 1, 
'OL" + 1-2niA 


Output Leakage Current Low 


'LOL 






-10 


MA 


Ports C, D, V - 0V 


Supply Current 


ice 




+d.8 


+2.0 


mA 




T, - 25"C 


PARAMETER 


SYMBOL 


LIMIT8 


UNIT 


TE8T 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


pF 


f - 1 MHz 


Output Capacitance 


Co 






15 


PF 


Input/Output Capacitance 


Cio 






16 


Pf 


T a - -30°C to +85°C; Vcc ■ +5 * 1 °% 


PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f 


150 




440 


KHz 




Rise and Fall Times 


tr.tf 







0.3 


MS 


EXTERNAL CLOCK 


Clock Pulse Width High 


t0W H 


0.5 




5.6 


MS 


Clock Pulse Width Low 


««W L 


0.5 




5.6 


MS 



CAPACITANCE 



AC CHARACTERISTICS 











1/f 








vec- 


V 


-■■ — tyWH ■*■ 


tf 


— — VWl — ■*■ 




V0H - 


t \ 


-J 




, 


/ 




^ 


r 7 


V 


Vcc 













CLOCK WAVEFORM 
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650/651 DS-1-82-CAT 



/4PD547L 



HEC 

NEC Electronics U.S. A. Inc. 

Microcomputer Division 

4-BIT SINGLE CHIP MICROCOMPUTER 

DESCRIPTION The/xPD547L is a 4-bit single chip microcomputer which has the same architecture as 
the juPD547. it contains a 1000 x 8-bit ROM, a 64 x 4-bit RAM, a testable interrupt 
input INT and a single-level stack. 

The jtxPD547L provides 35 I/O lines, organized into the 4-bit input ports A and B, the 
4-bit I/O ports C and D, the 4-bit output ports, E, F, G, and H, and the 3-bit output 
port I. The /xPD547L typically executes all 58 instructions of the /iCOM-4 family 
instruction set with a 25 jus instruction cycle time. It is manufactured with a modified 
PMOS process, allowing use of a single -8V power supply, and is available in a 42-pin 
dual-in-line plastic package. 



PIN NAMES 



PIN CONFIGURATION 



CLiC 


1 ^ 42 


DCLo 


PC C 


2 


41 


=> Vfifi 


PCiC 


3 


40 


DPB3 


PC 2 C 


4 


39 


3PB2 


PC3C 


5 


38 


DPBl 


TFTTC 


6 


37 


U'PBo 


RESET C 


7 


36 


DPA3 


PDoC 


8 


35 


DPA 2 


PDiC 


9 


34 


DPAt 


PD 2 C 


10 juPD 33 


DPA 


PD3C 


11 5471 32 


DPI2 


PEOC 


12 °* 


31 


1P\\ 


PEiC 


13 


30 


D pio 


PE 2 C 


14 


29 


DPH3 


PE3C 


15 


28 


DPH2 


PFOC 


16 


27 


3phi 


PFlC 


17 


26 


3ph 


PF2C 


18 


25 


DPG3 


PF3C 


19 


24 


DPG 2 


TESTE 


20 


23 


HPG1 


v ss q 


21 


22 


DPGo 



PA0-PA3 


Input Port A 


PB0-PB3 


Input Port B 


pc -pc 3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE -PE 3 


Output Port E 


PF -PF 3 


Output Port F 


PG0-PG3 


Output Port G 


PH -PH3 


Output Port H 


PI0-PI2 


Output Port I 


iTTf 


Interrupt Input 


CL -CL1 


External Clock Signali 


RESET 


Reset 


vgg 


Power Supply Negative 


vss 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vss) 



D 



ABSOLUTE MAXIMUM 
RATINGS* 



Operating Temperature - 10°C tc**70°C 

Storage Temperature -40°C to +125°C 

Supply Voltage, Vqg -15 to +0.3V 

Input Voltages - 15 to +0.3V 

Output Voltages .- 15 to +0.3V 

Output Current (Ports C through I, each bit) -4 mA 

(Total, all ports) -25 mA 

T a = 25°C 

♦COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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/Li PD547L 



T a = -10°C to +70°C; V G G --8V ± 


10% 












PARAMETER 


SYMBOL 


LIMITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Input Voltage High 


V|H 







-1.8 


V 


Ports A through D, INT, 
RESET 


Input Voltage Low 


V| L 


-3.8 




VQG 


V 


Ports A through D, INT, 
RESET 


Clock Voltage High 


V0H 







-0.6 


V 


CLo Input, External Clock 


Clock Voltage Low 


V0L 


-5.0 




VGG 


V 


CLo Input, External Clock 


Input Leakage Current High 


'LIH 






+ 10 


MA 


Ports A through D, INT, 
RESET, V| = -1V 


Input Leakage Current Low 


•lil 






-10 


.*iA 


Ports A through D, INT, 
RESET, V| --9V' 


Clock Input Leakage Current High 


! L0H 






+200 


MA 


CL Input, V h =ov 


Clock Input Leakage Current Low 


'L0L 






-200 


/uA 


CL Input, V 0L --9V- 


Output Voltage High 


V H, 






-1.0 


V 


Ports C through I, 
l H "-10 mA 


v OH 2 






-2.3 


V 


Ports C through 1, 
'OH - -3-3 mA 


Output Leakage Current Low 


'LOL 






-10 


M A 


Ports C through 1, 
V -' -9V 


Supply Current 


'GG 




-15 


-25 


mA 





DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


pF 


f - 1 MHz 


Output Capacitance 


CO 






15 


pF 


Input/Output Capacitance 


ClO 






15 


PF 



CAPACITANCE 



T a - -10°C to +70°C; Vqg - -8V ± 


10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f 


100 




180 


KHz 




Rise and Fall Times 


tr. tf 







0.3 


MS 


EXTERNAL CLOCK 


Clock Pulse Width High 


«0Wh 


2.0 




8.0 


*iS 


Clock Pulse Width Low 


t0W L 


2.0 




8.0 


MS 



AC CHARACTERISTICS 



CLOCK WAVEFORM 









1/f 








vss - 


— 


tr 


■*— ^Wh — ■» 


tf 


— — t^w L *- 




V H - 


F \ 


"/"' 


V*L - 


y 


. J 


C 7 


i 


VfiG 
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NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



pPD552 
J/PD553 



DESCRIPTION 



PIN CONFIGURATION 



ABSOLUTE MAXIMUM 
RATINGS* 



4-BIT SINGLE CHIP MICROCOMPUTERS WITH 
VACUUM FLUORESCENT DISPLAY DRIVE 
CAPABILITY 

The mPD552 and the //PD553 are pin-compatible 4-bit single chip microcomputers 
which have similar architectures. 

The /iPD552 contains a 1000 x 8-bit ROM and a 64 x 4-bit RAM. It has a testable 
interrupt input INT, a single-level stack, and executes all 58 instructions of the 
//COM-4 family instruction set. The MPD552 is upward compatible with the /uPD553. 

The /UPD553 contains a 2000 x 8-bit ROM, and a 96 x 4-bit RAM which includes six 
working registers and the Flag register. It has a level-triggered hardware interrupt, a 
three-level stack, and a programmable 6-bit Timer. The /iPD553 executes all 80 
instructions of the extended juCOM-4 family instruction set. 

Both the /xPD552 and the /xPD553 provide 35 I/O lines organized into the 4-bit input 
Ports A and B, the 4-bit I/O Ports C and D, the 4-bit output Ports E, F, G, and H, and 
the 3-bit output Port I. The 27 I/O ports and output ports are capable of being pulled 
to -35V in order to drive Vacuum Fluorescent Displays directly. Both devices typically 
execute their instructions with a 10 jus instruction cycle time. The jixPD552 and the 
jitPD553 are manufactured with a standard PMOS process, allowing use of a single 
-10V power supply, and are available in a 42-pin dual-in-line plastic package. 

PIN NAMES 



CLlC 


1 ^- 


' 42 


PCL 


PCoC 


2 


41 


=>vnn 


pciC 


3 


40 


DPB3 


PC2C 


4 


39 


3PB 2 


PC3C 


5 


38 


DPB1 


INTd 


6 


37 


Xpbo 


RESET C 


7 


36 


3pa 3 


PD C 


8 


35 


DPA2 


PDiC 


9 i. 


34 


DPAi 


PD 2 C 


10 " Pu 33 


ZJPAn 


PD3C 


11 552/ 32 


HPI2 


PE0C 


12 553 31 


DPh 


PE1C 


13 


30 


DPio 


PE 2 C 


14 


29 


DPH 3 


PE 3 L" 


15 


28 


DPH2 


PF0C 


16 


27 


DPH! 


PF1C 


17 


26 


3ph 


PF2C 


18 


25 


HPG 3 


PF3C 


19 


24 


DPG2 


TESTX 


20 


23 


DPG1 


vssC 


21 


22 


DPGo 



PA0-PA3 


Input Port A 


PB0-PB3 


Input Port B 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PG0-PG3 


Output Port G 


PH0-PH3 


Output Port H 


PI0-PI2 


Output Port 1 


INT 


Interrupt Input 


CLo-CLt 


External Clock Signals 


RESET 


Reset 


VGG 


Power Supply Negative 


vss 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vss> 



n 



Operating Temperature -10 C to +70 C 

Storage Temperature -40°C to +125°C 

Supply Voltage, Vqg -15 to +0.3V 

Input Voltages (Port A, B, INT, RESET) -15to+0.3V 

(Ports C, D) . . . -40 to +0.3V 

Output Voltages -40 to +0.3V 

Output Current (Ports C through I, each bit) -12 mA 

(Total, all ports) -60 mA 

T a = 25°C 

"COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



165 



HPD552/553 

T a « -10°C to +70°C; Vqq = -10V ± 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage High 


VlH 







-3.5 


V 


Ports A through D, INT, 
RESET 


Input Voltage Low 


•V|L, 


-7.5 




V G G 


V 


Ports A, B, INT, RESET 


V|L 2 


-7.5 




-35 


V 


Ports C, D 


Clock Voltage High 


V H 







-0.8 


V 


CLo Input, External Clock 


Clock Voltage Low 


V«L 


-6.0 




VGG 


V 


CLo input, External Clock 


Input Leakage Current High 


>LIH 






+10 


MA 


Ports A through D, INT, 
RESliT, V| --1V 


Input Leakage Current Low 


•CIUi 






-10 


*<A 


Ports A through 0, INT, 
RESUT, V| --11V 


'LIL2 






-30 


J»A 


Ports C, D, V|- -35V 


Clock Input Leakage Current High 


'L«H 






+200 


uA 


CLo "HP"*. V«H " 0V 


Clock Input Leakage Current Low 


'U>L 






-200 


ma 


CLo Input, V^l- -11V 


Output Voltage High 


VOH 






-2.0 


V 


Ports C through I, 
| QH .-8mA 


Output Leakage Current Low 


<LOLi 






-10 


ma 


Ports C through I, 
Vq= -11V 


'LOL2 






-30 


HA 


Ports C through 1, 
Vq » -35V 


Supply Current 


>GG 




-30 


-50 


mA 




T a - 25"C 


PARAMETER 


SYMBOL 


LIMITS 


UN|T 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


pF 


f - 1 MHz 


Output Capacitance 


Co 






15 


pF 


Input/Output Capacitance 


ClO 






16 


PF 


T, - -10°C to +70°C; VGG ■ -10V ± 10% 


PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TE8T 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f 


150 




440 


KHz 




Rise and Fall Timet 


tr.tf 







0.3 


H* 


EXTERNAL CLOCK 


Clock Puis* Width High 


t *w H 


0.6 




6.6 


»" 


Clock Puis* Width Low 


<*W L 


0.6 




6.6 


M« 



DC CHARACTERISTICS 



CAPACITANCE 



AC CHARACTERISTICS 




CLOCK WAVEFORM 
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552/553DS-2-82-CAT 



NEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



fiPD550 
jiPD554 



DESCRIPTION 



PIN CONFIGURATION 



4-BIT SINGLE CHIP MICROCOMPUTERS WITH 
VACUUM FLUORESCENT DISPLAY DRIVE 
CAPABILITY 

The juPD550 and the juPD554 are pin-compatible 4-bit single chip microcomputers 
which have the same architecture. The only difference between them is that the 
MPD550 contains a 640 x 8-bit ROM, whereas the juPD554 contains a 1 000 x 8-bit 
ROM. Both devices have a 32 x 4-bit RAM, a testable interrupt input INT, and a 
single-level stack. The //PD550 and the MPD554 provide 21 I/O lines organized into' 
the 4-bit input port A, the 4-bit I/O ports C and D, the 4-bit output ports E and F, 
and the 1-bit output port G. The 17 I/O ports and output ports are capable of being 
pulled to -35V in order to drive Vacuum Fluorescent Displays directly. The juPD550 
and the ;uPD554 typically execute all 58 instructions of the /uCOM-4 family instruc- 
tion set with a 10 Ms instruction cycle time. Both devices are manufactured with a 
standard PMOS process, allowing use of a single - 10V power supply, and are available 
in a 28 pin dual-in-line plastic package. 

PIN NAMES 



CMC 


1 


KJ 


28 


D CL 


pcoC 


2 




27 


D V GG 


pciC 


3 




26 


U RESET 


PC 2 C 


4 




25 


3 "NT 


PC3C 


5 




24 


DPA 3 


PDoC 


6 


mpd 

550/ 


23 


DPA2 


PDiC 


7 


22 


3PA1 


PD 2 C 


8 


554 


21 


DPAq 


PD 3 C 


9 




20 


DpQo 


PEOC 


10 




19 


3pf 3 


PE1 C 


11 




18 


HPF2 


PE 2 £ 


12 




17 


Dpfi 


PE 3 C 


13 




16 


DPFO 


vssC 


14 




15 


3 TEST 



PA0-PA3 


Input Port A 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PG 


Output Port G 


CLo-CM 


External Clock Signals 


Tnt 


Interrupt Input 


RESET 


Reset 


VGG 


Power Supply Negative 


vss 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vss> 




ABSOLUTE MAXIMUM 
RATINGS* 



Operating Temperature - 10 C to +70 C 

Storage Temperature -40°C to +125°C 

Supply Voltage, Vqg- ■ j _ l _- -15to+0.3V 

Input Voltages (Port A, INT, RESET) -15 to +0.3V 

(Ports C, D) -40 to +0.3V 

Output Voltages -40 to +0.3V 

Output Current (Ports C, D, each bit) -4 mA 

(Ports E, F,Q,each bit) . -15 mA 

(Total, all ports) -60 mA 

T a = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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/iPD550/554 



Ta--10°Cto+70°C;VGG = -10V± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage High 


V|H 







-2.0 


V 


Ports A, 0,D, 1RT, RESET 


Input Voltage Low 


V|L, 


-4.3 




VQG 


V 


PortsA,Vr7F, RESET ' 


V|L 2 


-4.3 




-35 


V 


Ports C, D 


Clock Voltage High 


V 0H 







-0.6 


V 


CLo Input, External Clock 


Clock Voltage Low 


V*L 


-6.0. 




VQG 


V 


CLrj Input, External Clock 


Input Leakage Current High 


'LIH 






+10 


ma 


Ports A, C, D, TnT, RESET 
V|--1V 


Input Leakage Current Low 


'LIL, 






-10 


mA 


Ports A, C, D, TNT, RESET 
V|--11V 


'LIL.2 






-30 


ma 


Ports C, 0, V| - -35V 


Clock Input Leakage Current High 


'L«H 






+200 


M A 


CL Input, V^h '" OV 


Clock Input Leakage Current Low 


'L0L 






-200 


ma 


CLo Input, V 0L --11V 


Output Voltage High 


VOH, 






-1.0 


V 


Ports C, 0, Ioh " "2 mA 


VQH 2 






-2.5 


V 


Ports E, I s , G, Ioh --10 mA 


Output Leakage Current Low 


'LOLt 






-10 


MA 


Ports C through G, 
V --11V 


•lol 2 






-30 


nA 


Ports C through G, 
Vq - -35V 


Supply Current 


IGG 




-20 


-40 


mA 





DCCHARACTERISTICS 



25° C 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


•C| 






15 


pF 


f - 1 MHz 


Output Capacitance 


c 






15 


pF 


Input/Output Capacitance 


c IO 






15 


pF 



CAPACITANCE 



-10°Cto+70°C;VGG--1°V± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f 


150 




440 


KHz 




Rise and Fall Times 


t r ,t f 







0.3 


MS 


External dock 


Clock Pulse Width High 


Vw H 


0.5 




5.6 


t»« 


Clock Pulse Width Low 


Vw L 


0.6 




5.6 


M» 



-, AC CHARACTERISTICS 



vss - 


— 


^s- 
tr 


1/f 


tf 


1» 

"•^VWl, — *■ 




V H - 


f — i 


\r 


V0L . 
Vqg 


y 





< J 



CLOCK WAVEFORM 
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550/554DS-1-82-CAT 



NEC 

NEC Electronics U.S. A. Inc. 



MPD550L 
/iPD554L 



Microcomputer Division 



DESCRIPTION 



4-BIT SINGLE CHIP MICROCOMPUTERS WITH 
VACUUM FLUORESCENT DISPLAY DRIVE 
CAPABILITY 

The juPD550L and the/iPD554L are pin-compatible 4-bit single chip microcomputers 
which have the same architecture. The only difference between them is that the 
/iPD550L contains a 640 x 8 bit ROM, whereas the |ixPD554L contai ns a 1 000 x 8-bit 
ROM. Both devices have a 32 x 4-bit RAM, a testable interrupt input INT, and a single- 
level stack. The /uPD550L and the /UPD554L provide 21 I/O lines organized into the 
4-bit input port A, the 4-bit I/O ports C and D, the 4-bit output ports E and F, and the 
1-bit output port.G. The 17 I/O ports and output ports are capable of being pulled to 
-35V in order to drive Vacuum Fluorescent Displays directly. The /iPD550L and the 
jiiPD554L typically execute all 58 instructions of the /ixCOM-4 family instruction set 
with a 25 /xs instruction cycle time. Both devices are manufactured with a modified 
PMOS process, allowing use of a single -8V power supply, and are available in a 28-pin 
dual-in-line plastic package. 

The /xPD550L and the /iPD554L are upward compatible with the /xPD557L. 

PIN NAMES 



PIN CONFIGURATION 



ABSOLUTE MAXIMUM 
RATINGS* 



CMC 1 

pcoC 
pciC 
PCsC 
pc 3 C 

PD Q 6 
PDlC 7 
PD 2 C 8 
PD 3 C 9 
PEoClO 
PE1 C 11 
PE2C12 

PE3 E13 
VSS C.I 4 



"W 



mpd 

550 L/ 
554 L 



28 U CL 
27 3 Vqg 
26 3 RESET 
25 U INT 
24 3 PA3 
23 3 PA2 
22 3P A1 
21 3 PAo 
20 3 PGo 
19 3 PF3 
18 3 PF 2 
17 DPFi 

16 3PF0 
15 3 TEST 



PA0-PA3 


Input Port A 


PC -PC 3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PGo 


Output Port G 


CLo-CL! 


External Clock Signals 


TnT 


Interrupt Input 


RESET 


Reset 


VGG 


Power Supply Negative 


v S s 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vss> 



D 



Operating Temperature; .-10 C to +70 C 

Storage Temperature -40°C to +125° C 

Supply Voltage, Vqg- ■_—_; .;....-..... -15to+0.3V 

Input Voltages (Port A, INT, RESET) - 15 to +0.3V 

(Ports C, D) . . . . . -40to+0.3V 

Output Voltages -40 to +0.3V 

Output Current (Ports C, D, each bit) -4 mA 

(Ports E, F,G,each bit) -15 mA 

(Total, all ports) -60 mA 



T a = 25°C 

"COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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M PD550L/554L 



T a = -10°C to +70°C; Vqg = "8.0V ± 10% 



PARAMETER 


SYMBQL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage High 


V|H 







-1.6 


V 


Ports A, C, D, TnT, RESET 


Input Voltage Low 


VlL, 


-4.5 




VQG 


V 


Ports A, TnT, RESET 


V|L 2 


-4.5 




-35 


V 


Ports C, D 


Clock Voltage High 


V H 







-0.6 


V 


CLrj Input, External Clock 


Clock Voltage Low 


V 0L 


-5.0 




vqg 


V 


CLo Input, External Clock 


Input Leakage Current High 


'LIH 






+10 


ma 


Ports A, C, D, TnT, RESET 
V|--1V 


Input Leakage Current Low 


'UILi 






-10 


ma 


Ports A, C,D, TNT, RESET 
V| --9V 


Ilil 2 






-30 


M 


Ports C, D, V| = -35V 


Clock Input Leakage Current High 


'L0H 






+200 


ma 


CLo '"put, V *H " 0V 


Clock Input Leakage Current Low 


Il^l 






-200 


ma 


CLo Input, V0L-=-9 v 


Output Voltage High 


VOH, 






-1.0 


V 


Ports C, D, Ioh =_ 2 mA 


v OH 2 






-2.5 


V 


Ports E, F, G, lOH = -10 mA 


Output Leakage Current Low 


'LOL! 






-10 


kA 


Ports C through G, 
V = -9V 


• lol 2 






-30 


/jA 


Ports C through G, 
Vrj - -35V 


Supply Current 


IGG 




-12 


-24 


mA 





DC CHARACTERISTICS 



25° C 



PARAMETER 


SYMBOL. 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


PF 


f-1 MHz 


Output Capacitance 


c 






15 


pF 


Input/Output Capacitance 


C|0 






15 


PF 



CAPACITANCE 



T a = -10 P C to +70°C; Vqg " - 


8.0V ± 10% 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f 


100 




180 


KHz 




Rise and Fall Times 


t r ,t f 







0.3 


tts 


External Clock 


Clock Pulse Width High 


Vw H 


2.0 




8.0 


M» 


Clock Pulse Width Low 


^Wl 


2.0 




8.0 


US 



AC CHARACTERISTICS 




CLOCK WAVEFORM 
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Microcomputer Division 



HPD652 



CMOS 4-BIT SINGLE CHIP MICROCOMPUTER 



DESCRIPTION The juPD652 is a CMOS 4-bit single chip microcomputer having the same architecture 
as the juPD554. It contains a 1000 x 8-bit ROM, a 32 x 4-bit RAM, a testable interrupt 
input INT, and a single-level stack. The /iPD652 provides 21 I/O lines, organized into 
the 4-bit input port A, the 4-bit I/O ports C and D, the 4-bit output ports E and F, and 
the 1-bit output port G. The/iPD652 typically executes all 58 instructions of the 
/xCOM-4 family instruction set with a 10 /is instruction cycle time. It is manufactured 
with a standard CMOS process, allowing use of a single +5V power supply, and is avail- 
able in a 28-pin Dual-in-line plastic package. 



PIN CONFIGURATION 



PIN NAMES 



CMC 1 

PCoC 2 
PCiC 3 
PC 2 C 4 
PC 3 C 6 
PDoC 6 
PDlC 7 
PD 2 C 8 
PD 3 C 8 
PEoClO 
PE1C11 
PE 2 C 12 
PE3C13 
VCCE14 



V 



/zPD 
652 



28 3 CL 
27 3 V SS 
26 3 RESET 
25 3 INT 
24 3 PA3 
23 3 p A2 
22 3 PA1 
21 3 PAo 
20 3 PQo 
19 3 PF3 
18 3 Pf=2 
17 DPF1 
16 3 PFO 
15 3 TEST 



PA0-PA3 


Input Port A 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PG 


Output Port G 


INT 


Interrupt Input 


CLq-CLt 


External Clock Signals 


RESET 


Reset 


VCC 


Power Supply Positive 


vss 


Power Supply Negative 


TEST 


Factory Test Pin 
(Connect toVcc,' 




ABSOLUTE MAXIMUM 
RATINGS* 



Operating Temperature -30°C to +85°C 

Storage Temperature -55°C to +125°C 

Supply Voltage, VcC "0.3 to 7.0V 

Input Voltages (Ports A, C, D, INT, RESET) -0.3 to Vcc +0-3V 

Output Voltages . . , -0.3 to Vcc +0.3V 

Output Current (Ports C through G, each bit) -2.5 mA 

(Total, all ports) -28.0 mA 

T a = 25°C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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MPD652 



T a = -30° C to +85° C; Vcc = +5V ± 


10% 












PARAMETER 


SYMBOL 


. LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage High 


V|H 


0.7 Vcc 




VCC 


V 


Ports A, C D, INT, RESET 


Input Voltage Low 


VlL 







0.3 Vcc 


V 


Ports A, C, D, INT, RESET 


Clock Voltage High 


V0H 


0.7 VCC 




vcc 


V 


CLo Input, External Clock 


Clock Voltage Low 


v 0L 







0.3 V C C 


V 


CLo Input, External Clock 


Input Leakage Current High 


•lih 






+10 


J*A 


Ports A, C, D, iNT, RESET, 
V| - Vcc 


Input Leakage Current Low 


ILIL 






-10 


uA 


Ports A, C, D, INT, RESET, 
V|-0V 


Clock Input Leakage Current High 


lL«H 






+200 


MA 


CLo Input, v^h - Vcc 


Clock Input Leakage Current Low 


'L«L 






-200 


«A 


CLo Input, V^l - 0V 


Output Voltage High 


VOH, 


VCC-0.5 






V 


Ports C through G, lOH '* _ 1 m A 


VOH 2 


VcC-25 






V 


Ports C through G, Ijjh " -2.0 m A 


Output Voltage Low 


vol. 






+0.6 


V 


Ports E, F, G, Iol " +2 ° mA 


vol 2 






+0.4 


V 


Ports E, F, G, Iol " +1 - 2 mA 


Output Leakage Current Low 


'LOL 






-10 


MA 


Ports C, D, Vq - 0V 


Supply Current 


>CC 




+0.8 


+2.0 


mA 





DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


pF 


f - 1 MHz 


Output Capacitance 


CO 






15 


pF 


Input/Output Capacitance 


Cio 






15 


pF 



CAPACITANCE 



T a - -30°C to +85°C; Vcc = +SV ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f 


150 




440 


kHz 


External Clock 


Rise and Fall Times 


tr.tf 







0.3 


W 


Clock Pulse Width High 


««Wh 


0.5 




5.6 


*is 


Clock Pulse Width Low 


'«Wl 


0.5 




5.6 


j« 



AC CHARACTERISTICS 




CLOCK WAVEFORM 
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Microcomputer Division 



fiPD556B 



/jCOM-4 4-BIT SINGLE CHIP 
ROM-LESS EVALUATION CHIP 

DESCRIPTION TheMPD556B is the ROM-less evaluation chip for the/xCOM-4 4-bit single chip micro- 
computer family. The ^PD556B is used in conjunction with an external 2048 x 8-bit 
program memory, such as thejuPD2716 UV EPROM, to emulate each of the 14 differ- 
ent mCOM-4 single chjp microcomputers. 

The jixPD556B contains a 96 x 4-bit RAM, which includes six working registers and the 
Flag register. It has a level-triggered hardware interrupt, a three-level stack, and a pro- 
grammable 6-bit timer. The ^PD556B executes all 80 instructions of the extended 
juCOM-4 family instruction set. 

The/ixPD556B provides 35 I/O lines organized into the 4-bit input Ports A and B, the 
4-bit I/O Ports C and D, the 4-bit output Ports E, F, G, and H, and the 3-bit output 
Port I. It typically executes its instructions with a 10>s instruction cycle time. The 
MPD556B is manufactured with a standard PMOS process, allowing use of a single -10V 
power supply, and is available in a 64-pin quad-in-line ceramic package. 



PIN CONFIGURATION 



" PD lC = 


1 


^v^ - 


64 


PD 2 i 


2 




63 


PD 3 C=L 


3 




62 


pe n= 


4 




61 


PE h <= 


5 




60 


PE2 1 


6 




59 


PE 3 CZ 
BREAKfcz: 


8 




58 
57 


STEP CZ 


9 




56 


Acc/PC CZZ 


10 




55 


PlO <= 


11 




54 


p s czr 


12 




53 


P8 <= 


13 




52 


p 7 CZZ 


14 




51 


P6 1= 


15 


juPD 


50 


P 5 c= 


16 


556B 


49 


n P " «= 


17 




48 


P3 c=: 


18 




47 


p 2 c= 


19 




46 


p i c= 


20 




45 


p o c= 


21 




44 


17 r= 


22 




43 


, ' 6 ■= 


23 




42 


'5 c= 


24 




41 


14 t= 


25 




40 


13 cm 


26 




39 


'2 <= 


27 




38 


'1 t= 


28 




37 


|Q c= 


29 




36 


CL, 13= 


30 




35 


^ c ±o ^ 


31 




34 


GND 1 


32 




33 



PIN NAMES 



PD 
RESET 

nTNT 

PC3 

=1PC 2 

PCi 

=)PC 

PB3 
Z1PB2 

PB1 

=3PB 

PA3 

=3PA 2 

PA1 

=IPA 

Pl 2 

iPlfj 

riPH3 

PH 2 

■PH, 
PH 

PG 3 
PG 2 
IJPG! 
PG 
IJPF3 
PF 2 

PFO 
=1 TEST 



PA0-PA3 


Input Port A 


PB0-PB3 


Input Port B 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PG0-PG3 


Output Port G 


PH0-PH3 


Output Port H 


PI0-PI2 


Output Port I 


Tnt 


Interrupt Input 


i 0-7 


Instruction Input 


PCo-10 


Program Counter Output 


Acc/PC 


Accumulator/Program 
Counter Select 


BREAK 


Break Input 


STEP 


Single Step Input 


CLo-CLt 


External Clock Source 


RESET 


Reset 


V G G 


Power Supply Negative 


v S s 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vgs) 
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KPD556B 



PlO-0 



BLOCK DIAGRAM 

Acc/PC 



PA3.0 I ~^> 



PC3-0 <zp 



Q 




77 



RAM 
DECODER 



7> 



7T77 



oci=Qc: 



_^ INTER- 
FACE 



C 



RAM BUFFER 

T> ?7 



TTT^ 



P-SELECTOR 

7T 



DOWN 
COUNT- 




V 



Lb 
=0 



f 




2 



n 



;i QBUS 

;j p-bus 



^ A C C 



Z3 



BREAK 

AND 

STEP 

CONTROL 



IS 



INSTRUCTION BUS 



11 



CONTROL 

AND 

DECODE 



fig 



Operating Temperature - 10 C to +70 C 

Storage Temperature -40°C to +125°C 

Supply Voltage, Vqg -15V to +0.3V 

All Input Voltages -15V to +0.3V 

All Output Voltages -15V to +0.3V 

Output Current (total, all ports) -4 mA 



ABSOLUTE MAXIMUM 
RATINGS* 



T a = 25° C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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MPD556B 



DC CHARACTERISTICS 



T a = -10°Cto+70 


'C;V GG = - 


0V + 10%, V ss 


= OV 






PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input High 
Voltage 


V| H 







-2.0 


V 


Ports A to D, I7.0 

BREAK, STEP, INT, RESET, 

and Acc/ pc 


Input Low 
Voltage 


V| L 


-4.3 




VGG 


V 


Ports A to D, I7.0 

BREAK, STEP, WT. RESET, 

and Acc/ pc 


Clock High 
Voltage 


V,;,H 







-0.8 


V 


CLg Input, External Clock 


Clock Low 
Voltage 


V,;,L 


-6.0 




VGG 


V 


CLg Input, External Clock 


Input Leakage 
Current High 


1 LIH 






no 


MA 


Ports A and B, I7.0 

fNT, RESET, BREAK, STEP, 

A C c/ pc - V| = -1V 






no 


MA 


Ports C and D, V| - -1V 


Input Leakage 
Current Low 


ILIL 






-10 


HA 


Ports A and B, I7.0 

INT, RESET, BREAK, STEP, 

Acc/ p C, V|--11V 






-10 


UA 


Ports C and D, V| =-11V 


Clock Input 
Leakage High 


1 LOH 






1200 


mA 


CLg Input, External Clock, 
V 0H = 0V 


Clock Input 
Leakage Low 


IU'.L 






-200 


uA 


CLg Input, External Clock, 
V 0L = -11V 


Output High 
Voltage 


v OH1 






-1.0 


V 


Ports C to I, P10.0 
lOH = -1.0 mA 


v OH2 






-2.3 


V 


Ports C to 1, Pto-O 
l 0h l = -3.3 mA 


Output Leakage 
Current Low 


, 'LOL 






-30 


HA 


Ports C to I, P 10-0 
V = -11V 


Supplv Current 


'gg 




-30 


-50 


mA 





AC CHARACTERISTICS 



-10°Cto+70 o C,V G G = -10V± 1C 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Frequency 


'0 


150 




440 


KHz 




Clock Rise and Fall Times 


«r.tf 







0.3 


MS 




Clock Pulse Width High ■ 


Vm/H 


0.5 




5.6 


VS 




Clock Pulse Width Low 


t0WL 


0.5 




5.6 


MS 




Input Setup Time 


t|S 






5 


MS 




Input Hold Time 


t|H 









MS 




BREAK to STEP Interval 


tBS 


200 






MS 


f =• 400 KHz, "1" Written 


STEP to RUN Interval 


tSB 


200 






MS 


f = 400 KHz, "1" Written 


STEP Pulse Width 


( WS 


30 






MS 


f = 400 KHz, "1" Written 


BREAK to Aqc Interval 


( BA 


200 






MS 


f = 400 KHz, "1" Written 


A CC /PC Pulse Width 


tWA 


30 






MS 


f = 400 KHz, "1" Written 


STEP to Ace Interval 


«SA1 


200 






MS 


f = 400 KHz, "1" Written 


PC to STEP Overlap 


l SA2 






5 


MS 


f = 400 KHz, "1" Written 


PC to RUN Interval 


tAB 









MS 


f = 400 KHz, "1" Written 


A C c/ p C • Pi 0-0 Delay 


tDAP1 






15 


MS 


f = 400 KHz, "1" Written 


tDAP2 






15 


MS 


f = 400 KHz, "1" Written 



CAPACITANCE 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


pf 


f = 1 MHz 


Output Capacitance 


CO 






15 


pf 


Input/Output Capacitance 


ClO 






15 


pf 
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fiPD556B 



t. 



V ss- f -^fefc=^% 



'4>H 



CLOCK WAVEFORM 



p 10-0 



I7-0 



X 



(PC) 



-tis- 



X 



X 



t|H 



x: 



TIMING WAVEFORMS 



*BA 



Acc/PC 




«WA 



/ — V 



y~A 



r~\ 



p 10-0 (PC)n X' A CC))^ (PC)" )((ACC) X y ^ (PC)n^m X(Acc))((PC) n+ ™ 




CERAMIC 



ITEM 


MILLIMETERS 


INCHES 


A 


41.5 


1.634 MAX 


B 


1.05 


0.042 


C 


2.54 


0.1 


D 


0.5 ±0.1 


0.2 ± 0.004 


E 


39:4 


1.55 


F 


1.27 


0.05 


G 


5.4 MIN 


0.21 MIN 


1 


2.35 MAX 


0.13 MAX 


J 


24.13 


0.95 


K 


19.05 


0.75 


L 


15.9 


0.626 


M 


0.25 ± 0.05 


0.01 ± 0.002 



PACKAGE OUTLINE 
MPD556B 
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jkPD7500 SERIES 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTER FAMILY 



Description 

The juPD7500 Series CMOS 4-Bit Single Chip 
Microcomputer Family is a broad product line of 10 
individual devices designed to fulfill a wide variety of 
applications. The advanced 4th generation architecture 
includes all of the functional blocks necessary for a 
single chip controller, including an ALU, Accumulator, 
Program Memory (ROM), Data Memory (RAM), four 
General Purpose Registers, Stack Pointer, Program 
Status Word (PSW), 8-Bit Timer/Event Counter, 
Interrupt Controller, Display Controller/Driver, and 8-Bit 
Serial Interface. The instruction set maximizes the 
efficient utilization of fixed Program Memory space, and 
includes a variety of addressing, Table-Look-up, 
Logical, Single Bit Manipulation, vectored jump, and 
Condition Skip Instructions. 

The /iPD7500 Series includes three different devices, 
the mPD7501 , /iPD7502, and J/PD7503, capable of 
directly driving Liquid Crystal Displays with up to 12 
7-segment digits. The ^PD7508A can directly drive up 
to 35V Vacuum Fluorescent Displays with up to 8 
7-segment digits, and the ^PD7519 can directly drive up 
to 35V Vacuum Fluorescent Displays with up to 16 
7-segment digits. 

All 10 devices are manufactured with a Silicon gate 
CMOS process, consuming only 900nA max at 5V, and 
only 400mA max at 3V. The HALT and STOP power- 
down instructions can significantly reduce power 
consumption even further. 

The flexibility and the wide variety of /nPD7500 Series 
devices available make the ^PD7500 series ideally 
suited for a wide range of battery-powered, solar- 
powered, and portable products, such as telecommu- 
nication devices, hand-held instruments and meters, 
automotive products, industrial controls, energy 
management systems, medical instruments, portable 
terminals, portable measuring devices, appliances, and 
consumer products. 

Features 

□ Advanced 4th Generation Architecture 

□ Choice of 8-Bit Program Memory (ROM) size: 

- 1K, 2K, 4K internal, or 8K external bytes 

□ Choice of 4-Bit Data Memory (RAM) size: 

- 64, 96, 128, 208, 224, or 256 internal nibbles 

□ RAM Stack 

□ Four General Purpose Registers: D, E, H, and L 

- Can address Data Memory and I/O ports 

- Can be stored to or retrieved from Stack 



□ Powerful Instruction Set 

- From 58 to 110 instructions, including: 

- Direct/indirect addressing 

- Table Look-up 

- RAM Stack Push/Pop 

- Single byte subroutine calls 

- RAM and I/O port single bit manipulation 

- Accumulator and I/O port Logical operations 

- 10 ms Instruction Cycle Time, typically 

□ Extensive General Purpose I/O Capability 

- One 4-Bit Input Port 

- Two 4-Bit latched tri-state Output Ports 

- Five 4-Bit input/latched tri-state Output Ports 

- Easily expandable with MPD82C43 CMOS I/O 

Expander 

- 8-Bit Parallel I/O capability 

□ Hardware Logic Blocks — Reduce Software 

Requirements 

- Operation completely transparent to instruction 

execution 

- 8-Bit Timer/Event Counter 

- Binary-up counter generates INTj at 

coincidence 

- Accurate Crystal Clock or External Event 

operation possible 

- Vectored, Prioritized Interrupt Controller 

- Three external interrupts (INTn, INT-), INT2) 

- Two internal interrupts (INTy, INTs) 

- Display Controller/Driver 

- Complete Direct Drive and Control of Multi- 

plexed LCD or Vacuum Fluorescent Display 

- Display Data automatically multiplexed from 

RAM to dedicated segment/backplane/digit 
driver lines 

- 8-Bit Serial Interface 

- 3-line I/O configuration generates INTs upon 

transmission of eighth bit 

- Ideal for distributed intelligence systems or 

communication with peripheral devices 

- Complete operation possible in HALT and STOP 

power-down modes 

□ Built-in System Clock Generator 

D Built-in Schmidt-Trigger RESET Circuitry 

□ Single Power Supply, Variable from 2.7V to 5.5V 
■□ Low Power Consumption Silicon Gate CMOS 

Technology 

- 900 mA max at 5V, 400 mA max at 3V 

- HALT, STOP Power-down instructions reduce 

power consumption to 20 mA max at 5V, 
10mA at 3V (Stop mode) 
D Extended - 40°C to + 85°C Temperature Range 
Available 

□ Choice of 28-pin or 40-pin dual-in-line packages, or 

52-pin or 64-pin flat plastic packages 
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M PD7500 SERIES 



Features 


7500 


7501 


7502 


7503 


7506 


7507 


7507S 


7508 


7508A 


7519 


Internal ROM 
(8-blt words) 




1K 


2K 


4K 


1K 


2K 


2K 


4K 


4K 


4K 


Expandable to 


8K 




















RAM 


256x4 


96x4 


128x4 


224x4 


64x4 


128x4 


128x4 


224x4 


208x4 


256x4 


I/O Lines 


32 


24 


23 


23 


22 


32 


20 


32 


32 


28 


8-Bit Timer/Event 
Counter 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


8-Bit Serial Interface 


• 


• 


• 


• 




• 


• 


• 


• 


• 


Registers Outside RAM 


4x4 


2x4 


4x4 


4x4 


2x4 


4x4 


4x4 


4x4 


4x4 


4x4 


Instructions 


110 


63 


92 


92 


58 


92 


91 


92 


92 


92 


Mln Cycle Time (ms) 


6.67 


6.67 


6.67 


6.67 


6.67 


6.67 


6.67 


6.67 


6.67 


6.67 


Interrupts 


5 


4 


4 


4 


2 


4 


4 


4 


4 


4 


Stack Levels 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


Display 

Controller/ 

Driver 




LCD 


LCD 


LCD 










VFD 
drive 
only 


VFD 


Analog I/O 




















14-bit 
D/A 


Current Consumption 
(max) 


Normal Operation 








(A at 5V 


± 10%; 


400mA at 3V ± 








* 




yuu f. 


lUvO 






Stop Mode 






f>n i 


(A at !>V 


± 10%; 


10/iAat3V ± 1 














UvO 






Operating 
Temperature Range 


-10°C 
to-«- 
+70°C 










-40°C 

— to — 

+ 85°C 











Packages 


28-pin DIP 










• 






• 






40-pin DIP 












• 




• 


• 




52-pin Flat 










• 


• 




• 






64-pin Flat 




• 


• 


• 














64-pln QUIL 


• 


















• 
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MPD7500 SERIES 



Instruction Set 

The mPD7500 Series Instruction Set consists of 1 10 
powerful instructions designed to take full advantage of 
the advanced nPD7500 architecture in your application. 
It is divided into two subsets, according to the 
complexity of the device. 
Instruction Set "A" is available for the higher- 
performance mPD7500 Series devices having either a 
2K x 8-bit or a 4K x 8-bit Program Memory. It can be 
used with the mPD7500, mPD7502, juPD7503, mPD7507, 
MPD7507S, mPD7508, M PD7508A, and M PD7519 
products. 

Instruction Set "B" is available for the lower-cost 
HPD7500 Series devices having a 1K x 8-bit Program 
Memory. Its instructions are a compatible subset of 
Instruction Set "A," and can be used with the 
MPD7500, ^PD7501 , and /uPD7506 products. 



Instruction Set Symbol Definitions 

The following abbreviations are used in the description 
of the nPD7500 Series Instruction sets: 



Symbol 



Bn 



String 



taddr 

Ifj 

TCR 



TMR 
( ) 



XOR 



Explanation ■nd U»e 



Bit "n" of Accumulator 



Operand specifying one bit of a nibble 



Bit "n" of two-bit operand 
Bi Bo Bit Specified 
Bit (LSB) 

1 Bit 1 

1 Bit 2 
Bit 3 (MSB) 



Bank 


Bank Flag of PSW («PD7500 only) 


borrow 


Resulting value Is less than OH 


C 


Carry Flag 


data 


Immediate data operand 


D 


D Register 


Dn 


Bit "n" of Immediate data operand 


DE 


DE Register Pair 


DL 


DL Register Pair 


E 


E Register 


H 


H Register 


HL 


HL Register Pair 


IER 


Interrupt Enable Register 

IER bit: 12 3 

Interrupt: INTt INTo/S INTi INT2 


IME 


Interrupt Master Enable F/F. 


INT n 


Interrupt "n" 


IRFn 


Interrupt Request Flag "n" 


L 


L Register 


overflow 


Resulting value Is greater than FH 


P() 


Parallel Input/Output Port addressed by the value within the parentheses 


PC 


Program Counter 


PCn 


Bit "n" of Program Counter 



Program Status Word 
PSW bit: 1 

Flag: Carry Bank 



SKp SK1 



Register Pair, specified by the 3-blt immediate data operand D2-0, as 

follows: 

Additional Action 
none (instruction set "A" only) 
none (Instruction set "A" only) 
decrement L; skip If L = FH 
increment L; skip If L = OH 

1 1 HL none 

Skip Cycles: when skip condition does not occur 
1 when skip condition does occur 



D2 


D1 


DO 


rp 











DL 








1 


DE 


1 








HL- 


1 





1 


HL + 



o 



Serial I/O Shift Register 



Serial I/O Count Register 



Stack Pointer 



String Effect; in a string of similar instructions, only the first 
encountered Is executed; the remainder of the Instructions In the string 

are executed as NOP Instructions 

Operand specifying ROM Table Data 



Bit "n" of ROM Table Data 



Timer Counter Register 



Timer Modulo Register 



The contents of the RAM location addressed by the value within the 

parentheses 

( ] The contents of the ROM location addressed by the value within the 

brackets 

■*— Load, Store, or Transfer right operand Into left operand 

* »* Exchange the left and right operands 



Logical NOT (One's complement) 



LOGICAL AND 



LOGICAL Exclusive OR 



Instruction pertains to ^PD7500 only 
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MPD7500 SERIES 



Instruction Set "A" 

For the i*PD7500, nPD7502, nPD7503, nPD7507, pPD7507S, piPD7508, i*PO7508A, and \iPD7519 devices only 





Function 


Description 








Instruction Coda 






Byto* 


Cyclaa 


Skip Condition 




D7 


D 6 


D5 


04 


D 3 


D2 


01 


DO 


HEX 


Load 


LADR addr 


A-(D 7 -0) 


Load Accumulator 
from directly 
addressed RAM 



D7 



D6 


1 
D5 


1 
D 4 


1 
D3 



2 



D1 



DO 


38 
00-FF 


2 


2 




LAI data 


A *" D 3-0 


Load Accumulator 
with immediate 
data 











1 


D3 


D 2 


D1 


Do 


10-1F 


1 


1 


String 


LAMrp 


A*-(rp) 

rp = DL, DE, HL-,HL + ,HL 
If rp = HL - , skip If borrow 
If rp = HL + , skip If overflow 


Load Accumulator 
from Memory, 
possible skip 





1 





D2 








D1 


Do 


40,41 
50-52 


1 


1+8 


See explanation 
of "rp" In symbol 
definitions 


LAMT 

(MPD7500, mPD7502 

only) 


ROM addr = PC10-6. 

0, C, A 3 . 
A-[ROM addr]7-4 
(HL)~(ROM addr]3-o 


Load Accumulator 
and Memory from 
Table 





1 





1 


1 


1 


1 





5E 


1 


2 





LAMTL 

< M PD7500, 1/PD7503, 
MPD7507, nPD7507S, 
M PD7508, nPD7508A, 
M PD7S19, only) 



ROM addr = PCn.s, 

A3-0. (HL)3-0 
A~[ROM addr]7-4 
(HL)-[ROM addr]3-0 



Load Accumulator 
and Memory from 
Table Long 



Load H register 
with Immediate 
data 



Do 30-3F 



LDEI data 


D-D7.4 
E-D3.0 


Load DE register 
pair with Immedi- 
ate data 



07 


1 
06 



D5 



D4 


1 
03 


1 
D2 


1 
D1 


1 
DO 


4F 
00-FF 


2 


2 




LDI data 


D—D3.0 


Load D register 
with Immediate 
data 










1 
1 


1 



1 
03 


1 
02 


1 
D1 



Do 


3E 
20-2F 


2 


2 




LEI data 


E--D3.0 


Load E register 
with Immediate 
data 










1 



1 



1 
D3 


1 
D2 


1 
01 



Do 


3E 
OO-OF 


2 


2 





LHLI data 


H-D7-4 
L-D3.0 






Load HL register 
pair with immedi- 
ate data 



D7 


1 

D6 



DS 



D4 


1 
03 


1 
02 


1 
01 



Do 


4E 
00-FF 


2 


2 


String 




LHLT taddr 


ROM addr = OCOH 
H-[ROM addr]7.4 
L-[ROM addr)3-o 


+ D3-0 


Load HL register 
pslr from ROM 
Table 


1 


1 








D3 


D2 


D1 


DO 


CO-CF 


1 


2 


String 




LLI data 


L-D3.0 






Load L register 
with Immediate 
data 










1 



1 
1 


1 
03 


1 
02 


1 
D1 



DO 


3E 
10-1 F 


2 


2 






Store 


ST 


(HL)-A 






Store A to Memory 





1 





1 





1 


1 


1 


57 


1 


1 







A-(rp) 

rp = DL, DE, HL-, HL + .HL 
If rp = HL - , skip if borrow 
If rp - HL + , skip if overflow 



Exchange A with 
Memory, Possible 
Skip 



Do 44, 45 
54-56 



H-(D 7 -0) 



L~(D 7 .0) 



Exchange H with 
directly addressed 
RAM 



D7 D6 Ds D4 D3 D2 D1 Do 



Exchange L with 
directly addressed 
RAM 



D5 D4 D3 02 D1 Do 



TAD 


D^A 


Transfer A to D 









1 

1 


1 1 1 
1 


1 
1 






3E 
AA 


2 


2 




TAE 


E-A 


Transfer A to E 









1 



1 1 1 

1 


1 
1 






3E 
8A 


2 


2 




TAH 


H-A 


Transfer A to H 









1 
1 


1 1 1 

1 1 


1 
1 






3E 
BA 


2 


2 




TAL 


L-A 


Transfer A to L 









1 



1 1 1 

1 1 


1 
1 






3E 
9A 


2 


2 




TDA 


A-D 


Transfer to A 









1 
1 


1 1 1 

1 


1 
1 




1 


3E 
AB 


2 


2 




TEA 


A*-E 


Transfer E to A 









1 



1 
1 


1 1 1 

1 


1 
1 




1 


3E 
8B 


2 


2 




THA 


A-H 


Transfer H to A 









1 1 1 

1 1 


1 
1 




1 


3E 
BB 


2 


2 




TLA 


A~L 


Transfer L to A 









1 



raga 



1 1 1 

1 1 
1 


1 
1 




1 


3E 
9B 


2 


2 













Excha 

1 














XAD 


A-D 


Exchange A with D 


1 





4A 


1 


1 




XADR addr 


A«(D 7 .0) 


Exchange A with 
directly addressed 
RAM 



D7 



D 6 


1 
D 5 


1 1 
D4 D3 D2 



D1 


1 

DO 

1 




39 
00-FF 


2 


2 




XAE 
XAH 


A«E 
A-H 


Exchange A with E 
Exchange A with H 






1 
1 




1 


1 

1 1 


1 
1 


4B 
7A 


1 
1 


1 
1 





XAL 


A~L 


Exchange A with L 





1 


1 


1 1 


1 


1 


7B 


1 


1 





1+S See explanation 
or "rp" In symbol 
definitions 
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MPD7500 SERIES 



Instruction Set "A" (Cont.) 

For the nPD7500, nPD7502, nPD7503, nPD7507, nPD7507S, nPD7508, \xPD750BA, and pPD75 



9 devices only 



Description 



Instruction Cods 



D7 Pe Pa D4 P3 D2 



Do 



Bytes Cyclss Skip Condition 

HEX 

7C 1 1+S Carry = 1 

^JS, aB i K «^J|«« -f JaJfcfcsWri^iiplnllftBm^., ...-.-,. J 

<.^I|^ wm'» & »«»~ ^^ — - i 

00-OF 1 1+S Overflow 

MS_lli__^_ffl»WHI_ia__*ifliitoj«__«_N«™ K.fc.-A: J 

>. . ■ 9$, ».._ ■-.-, -.»»..-. ■■ .» a. t ,_; „ ,-, -, 1 1 _. 

7C 1 1+S Carry * 1 

-[ft rsm i i mrTnimr'mi . w h- » i , m _— ■*■■■ , 

^wffillw» #«fe i: ^^# * ^^ :: ; 

nS^,mmrmmmmmmmmmmm -— ■nrrinrrir-'-^-r'.- . 

— ■■ ■■* - ■•■'• _~s._ , ^ — : 

~3F 2 2 

B2 

7E 1 1 



A, C-A + (HL) + C 
skip If carry 



ACSC 

SB 






_3__i 



Arlk + E 



ji JW_ntr i _T i^ tj | 



Add with carry; 

skip It carry 

Add b to A, sWp f> 

\M pyejjj^yy! ... Z ^ .'. ... .f v 

Add E to A, skip . " 

_QVerf|QW '„. " 1 



;AtA t H., 



AL8C 



A«-A + D3.0 
skip H overflow 

'V'a^T+T" 

A«-A + (HL) 
skip It overflow 



Adjt H (9 A, skip 
ill overflow 



Add Immediate 
skip It overflow 



Add H to A, skip 

! If overflow 1 

Add memory; skip 
If overflow 



> Jf>o|row ' 



wr 



m^&^m^mkl^Zl 



Subtract p Irom A. 

: s ki p " If borrow 



etji Jnjm *.. 
skip It borrow 






V . 



Subtract H fiQm A, 1 
______» wwll___' " L__J> '" ' "'" 



[.Subtract L fjgmJV,.^ 
; skip it borrow 



Logical 



D3 D2 



DO 



.__... 



A-A AND (HL) 



AND Accumulator 
and Memory 



A-A XOR (HL) 



Exclusive-Or 
Accumulator and 
Memory 



A-A OR (HL) 



OR Accumulator 
and Memor y 



Accumulator 



CMA 

HIE 



A-NOT A 
". C-A3 

: ""VAi~$q. 
Ap-C (old) 



Complement 
Accumulator 



Rotate, .. 
Accumulator leJl 
through Carry 



C-Ao 
A0-A1 
A1-A2 
A2— A3 
A3-C (old) 



Rotate 

Accumulator right 
through Carry 



D 



Program Status Woi 



C~0 



Reset Carry 



Set Carry 



Incramant and Decrement 




<D7.0)-<D7-0>-1 
skip If (D7-0) = FH 



Decrement directly 
addressed RAM; 
skip if borrow 



(D7-0) = FH 



DES 

DHJ^ 

DLS 



E-E - 1 
skip If E = FH 

"hl-hl - "i 

L-L - 1 
skip If L = FH 
DE-OE + r 



Decrement E; skip 
If borrow 



Pecrement HL 



■ 



_ 1 . 




Decrement L; skip 

If borrow 

Increment DE 

Li 



(D 7 .o)-(D 7 .o)-1 
skip if (D 7 . ) = OH 



Increment directly 
addressed; skip If 
overflow 



" Z— _ 



u 

i - I 



" 8D ' 



D6 D5 



D3 D2 D1 Do 



2 + S (D 7 . ) = OH 



E-E + 1 
skip If E = OH 



Increment E; skip 
If overflow 



IE 

m 

ILS 



L ' HL + 1 



Increment HL « « « « ■] « ; 






L_ i_ i^____ 



L-L + 1 
skip If L = OH 



Increment L; skip 
if overflow 









Bit Manipulation 












RMB bit 


(HL)blt-O 

bit = B1-0 (0-3) 


Reset Memory bit 


110 





B1 


B0 


68-6B 1 1 




SMB bit 


(HL)blt-1 

bit = B1-0 (0-3) 


Set Memory bit 


110 


1 


B1 


Bo 


6C-6F 1 1 
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MPD7500 SERIES 



Instruction Set "A" (Cont.) 

For the nPD7500, ^PD7502, nPD7503, \iPD7507, ttPD7507S, M PD7508, ^PO7508A, and nPD7519 devices only 



Instruction Cod* 



DT De OS " P4 P3 P2 Pi Op 



Bytes Cycles Skip Condition 



(SP-1)-PC7-4 
(SP-2)-PC3.0 
(SP-3)-P8W 

(SP-4)-PCl1-18 

SP-SP-4 

BANK-0 

PC11-O 

PClO-O-DlO-Q 



Call subroutine 



D7 De 



D4 D3 



D10 Oi 
D2 Di 



30-37 
00-FF 



(SP-1)-PC7-4 

(SP-2)-PC3-0 

(SP-3)-PSW 

(SP-4)-PCli- 8 

ROMaddr = OCOH + D5.0 

BANK-0 

PCn-lO*-00 

PC fl . 7 -[ROM addr]7-5 

PCe-5-00 

PC 4 -0-[ROM addr]4-o 



Call subroutine 
through ROM Table 
(tingle byte) 



D5 D4 D3 D2 D1 Do DO-FF 



PC11.B«-D3. 

PC7.4-A 

PC3-Q^(HL) 



Vectored Jump on 
Accumulator and 
Memory 



D3 D2 D1 Do 



3F 
10-1F 



PC5.0-D5.0 



Jump within 
current page 



D5 D4 D3 D2 D1 Do 80-BF 



PCn-o-Dn-o 



*- asaasMS. .«...i j uma 



1 D11 D10 Dg Db 20-2F 2 

D7 De D5 D4 D3 D2 D1 Do 00-FF 

ip- ... . ■= - ' ' n ♦* ' t-- ■!■-■.■ ■ "• -.! . ■ - :- ■■■ ' j; ~- — 

"»-'■ D12 DH Oio 09 D8 0O-0F 



#iptl§lttlttftlpii|pitll^ 




PC11. 8 -(SP) 
BANK-~(SP + 1) 
PC 3 .o-(SP + 2) 
PC7.4-(SP + 3) 
SP-SP + 4 



PCn. 8 *-(SP) 
PSW-(SP + 1) 
PC3-0-(SP + 2) 
PC7-4«-(SP + 3) 
SP-SP +4 



Return from 
Subroutine and 
restore PSW 



PCn. B -(SP) 
BANK-(SP + 1) 
PC3-o-(SP + 2) 
PC 7 .4«-(SP + 3) 
SP-(SP + 4) 
Skip unconditionally 



Return from 
Subroutine; then 
skip next 
Instruction 



1+S Unconditional 



POPDE 


E-(SP) 
D-(SP + 1) 
SP-SP + 2 


Pop DE register 
pair off Stack 



1 






1 1 








1 
1 



1 


3E 
8F 


2 


2 




POPHL 


L-(SP) 
H-(SP + 1) 
SP-SP +2 


Pop HL register 
pair off Stack 




1 






1 1 

1 






1 
1 



1 


3E 
OF 


2 


2 




PSHDE 


(SP-1)-D 
(SP-2)-E 
SP-SP -2 


Push DE register 
pair on Stack 




1 






1 1 








1 

1 






3E 
8E 


2 


2 




PSHHL 


<SP-1)-H 
(SP-2)-L 
SP-SP -2 


Push HL register 
pair on Stack 




1 






1 1 

1 






1 
1 






3E 
9E 


2 


2 




TAMSP 


SP7.4-A 

SP 3 .1-<HL)3-1 

SPo-0 


Transfer Accumu- 
lator and Memory 
to Stack Pointer 










1 1 
1 1 








1 



1 
1 


3F 
31 


2 


2 




TSPAM 


A-SP7-4 

(HL)3-1-SP 3 .1 

<HL) -0 


Transfer Stack 
Pointer to 
Accumulator and 
Memory 










1 1 
1 1 







1 



1 
1 


3F 
35 


2 


2 










Conditional Skip 


















SKABT bit 


Skip if Ablt = 1 
bit = B1- 0(0-3) 


Skip if Accumulator 
bit true 







1 1 







B1 


BO 


74-77 


1 


1+S 


Ablt = 1 


SKAEI data 


Skip If A = D3-0 


Skip if Accumulator 
equals Immediate 
data 









1 1 

1 


1 

D3 


D 2 


1 
D1 


1 
DO 


3F 
60-6F 


2 


2 + S 


A = D3-0 


SKAEM 


Skip if A = (HL) 


Skip If Accumulator 
equals Memory 







1 


1 




1 


1 


5F 


1 


1+S 


A = (HL) 


SKC 


Skip If C = 1 


Skip If Carry 







1 


1 




1 





5A 


1 


1+S 


C = 1 


SKDEI data 


Skip If D = D3-0 


Skip If D equals 
immediate data 








1 1 

1 


1 

D 3 


D 2 


1 
D1 



DO 


3E 
60-6F 


2 


2 + S 


D = D3-0 


SKEEI data 


Skip if E = D3-0 


Skip If E equals 
Immediate data 









1 1 




1 

03 


D 2 


1 
D1 



Do 


3E 
40-4F 


2 


2 + S 


E = D3.0 


SKHEI data 


Skip If H = D3-0 


Skip If H equals 
immediate data 








1 1 
1 1 


1 

D3 


D2 


1 
D1 



DO 


3E 
70-7F 


2 


2 + S 


H = D3-0 
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MPD7500 SERIES 



Instruction Set "A" (Cont.) 

For the nPD7500, nPD7502, i*PD7503, nPD7507, nPD7507S, VPD7508, \iPD7508A, and nPD7519 devices only 



Skip if (HL)blt = 1 
bit = Bi-Q(0-3) 



Mnemonic 


Function 


Description 


Instruction Codo 






Bytes 


Cycles 


Skip Condition 


D7 De Dg D4 


D3 


D 2 


Dl 


Do 


HEX 








Conditional Skip (Cont.) 


















SKLEI data 


Skip II L = D3.0 


Skip if L equals 
Immediate data 


11 
10 1 


1 
03 


1 
D 2 


1 
D1 



DO 


3E 
50-5F 


2 


2 + S 


L = D3.0 


SKMBF bit 


Skip If (HL)blt = 
bit = B1 -0(0-3) 


Skip If Memory 
bit false 


110 








B1 


BO 


60-63 


1 


1+S 


(HL)blt = 



Skip if Memory 
bit true 



B1 Bq 64-67 



1+S (HL)blt = 1 



Timer/ Event Counter 



TMR7-4-A 
TMR3-o-(HL) 



Transfer 

Accumulator and 
Memory to Timer 
Modulo Register 



TCNTAM 


A-TCR7-4 
(HL)-TCR3-0 




Transfer Timer 
Count Register to 
Accumulator and 
Memory 










1 1 
1 1 


1 
1 


1 



1 
1 


1 
1 


3F 
3B 


2 


2 






TIMER 


TCR 7 . -0 i 
IRF-r-0 




Start Timer 










1 1 
1 1 


1 




1 




1 
1 


1 




3F 
32 


2 


2 














Interrupt Control 




















Ol data 


IME F/F-0 If data = 
IER3.0-IER3.0 AND NOT 
D3.0 if data <>0 


Disable Interrupt, 
Interrupt Master 
Enable F/F or 
specified 



1 






1 1 




1 

D3 


1 

D2 


1 
D1 


1 

DO 


3F 
80-8F 


2 


2 






El data 


IME F/F-1 If data 

IER 3-0- |ER 3-0 0R 
If data <>0 


= 
D3-O 


Enable Interrupt, 
Interrupt Master 
Enable F/F or 
specified 



1 






1 1 

1 


1 

D3 


1 
D 2 


1 
D1 


1 
DO 


3F 
90-8F 


2 


2 






SKI data 


Skip If IRF„ AND D3.0 <>0 
IRF n -IRF n AND NOT D3.0 


Skip if Interrupt 
Request Flag is 
true 








1 


1 1 




1 
D3 


1 
D 2 


1 

Di 


1 
DO 


3F 
40-4F 


2 


2 + S 


IRF n = 1 












Serial Interface 




















SIO 


SIOCR-0 
IRFo/S-O 




Start Serial I/O 
Operation 










1 1 
1 1 


1 



1 



1 

1 


1 

1 


3F 
33 


2 


2 






TAMSIO 


SIO7.4-A 
SIO3-0HHL) 




Transfer Accumu- 
lator and Memory 
to SI Shift 
Register 










1 1 
1 1 


1 
1 


1 

1 


i 
1 


1 



3F 
3E 


2 


2 







A-SI07.4 

(HL)«-SIO3-0 



Transfer SI Shift 

Register to Accumu- 
lator and Memory 



, u.'K»«s8.j 



^g5B:3^1ll^oW^tvoP " f m : s|ea«?a Vi " 
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E 











Parallel I/O 




















ANP data 


P(P3-0)-P(P3-0) AND D3.0 


AND output port 
latch with 
immediate data 



D3 


D 2 



D1 



DO 


1 
P3 


1 
P2 



P1 



P0 


AC 

00-FF 


2 


2 




IP port 


A*-P(P3-0) 


Input from port, 
immediate address 



1 





1 



1 



1 
P3 


1 
P2 


1 
P1 


1 

PO 


3F 
C0-CF 


2 


2 




IP1 (except 
MPD7507S) 


A~P(1) 


Input from Port 1 







1 


1 











1 


71 


1 


1 




IP54 


A-P(5) 
(HL)-P<4) 


Input Byte from 
Ports 5 and 4 








1 
1 


1 
1 


1 
1 


1 



1 




1 




3F 
38 


2 


2 




IPL 


A-P(L) 


Input from Port 
specified by L 







1 


1 














70 


1 


1 




OP port 


P(P3-0)*-A 


Output to port, 
Immediate address 



1 




1 
1 


1 



1 
P3 


1 

P2 


1 
P1 


1 

P0 


3F 
E0-EF 


2 


2 




OP3 


P(3)-A 


Output to Port 3 







1 


1 








1 


1 


73 


1 


1 




OP54 


P(5)«-A 
P(4)-(HL) 


Output Byte to 
Ports 5 and 4 








1 
1 


1 
1 


1 
1 


1 
1 


1 




1 




3F 
3C 


2 


2 




OPL 


P(L)-A 


Output to port 
specified by L 







1 


1 








1 





72 


1 


1 




LiTl^ ' ■« ■ ■ " "i. *•***« ' "ii.-'-a .ffMS6* 



D3 


D 2 



D1 

. .P... 



DO 

1 


1 
P3 

.1 . 


1 

P2 
.1. 




P1 
....p.... 


1 

P0 


4D 
00-FF 

._5.C--.- 


2 


2 





CPU Control 



Enter HALT Mode 



NOP 


No operation 


























00 


1 


1 


STOP 


Enter STOP Mode 










1 
1 


1 

1 


1 




1 
1 


1 
1 


1 
1 


3F 
37 


2 


2 
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MPD7500 SERIES 

Instruction Set "B" 

For the nPD7500, nPD7501, and nPD7506 devices only 



Mnemonic 


Function 


Description 








Instruction Code 






Bytes 


Cycles 


Skip Condition 


D7 


Da 


as 


D4 


Da 


D 2 


D1 


•»0 


HIX 


Load 


LADR addr 


A-(D6-0) 




Load Accumulator 
from directly 
addressed RAM 









1 

D5 


1 
D4 


1 
D3 



D 2 



D1 



DO 


38 
00-5F 


2 


2 




LAI data 


A— D3.0 




Load Accumulator 
with Immediate data 











1 


D 3 


D 2 


D1 


Do 


10-1F 


1 


1 


String 


LAMrp 


A-(rp), 
rp « HL-, 
If rp = HL 
If rp = HL 


HL + .HL 
- , skip If borrow 
+ , skip if overflow 


Load Accumulator 
from Memory, 
possible skip 





1 





1 








Dl 


DO 


50-52 


1 


1+S 


See explanation 
of "rp" In symbol 
definitions 



ROM addr = PC10-6 
0, C, A 3 . 

A«-[ROM addr]7-4 
(HL)-IROM addr)3.Q 



Load Accumulator 
and Memory from 
Table 




D2 D1 Do 28-2F 



LHLI data 


H3-1-0 
H0-D4 
L«-D3-0 


Load HL register 
pair with Immedi- 
ate data 


1 


1 





D4 


D3 


D2 


D1 


Do 


CO-DF 


1 


1 


String 


Store 


ST 


(HL)-A 


Store A to Memory 





1 





t 





1 


1 


1 


57 


1 


1 




STII data 


(HD-D3.0 
L-L + 1 


Store Immediate 
data and 
increment L 





1 








D3 


D2 


D1 


Do 


40-4F 


1 


1 




Exchange 


XADR addr 


A~(D 6 -0) 


Exchange A with 
directly addressed 
RAM 








d 8 


1 

D5 


1 
D4 


1 
O3 



D2 



D1 


1 
DO 


39 
00-5F 


2 


2 




XAH 


A~H 


Exchange A with H 





1 


1 


1 


1 





1 





7A 


1 


1 




XAL 


A~L 


Exchange A with L 





1 


1 


1 


1 





1 


1 


7B 


1 


1 




XAMrp 


A-(rp) 

rp = HL-,HL + ,HL 

if rp = HL-, skip If borrow 

if rp = HL + , skip If overflow 


Exchange A with 
Memory, Possible 
Skip 





1 





1 





1 


D1 


DO 


54-56 


1 


1+S 


See explanation 
or "rp" in symbol 
definitions 


XHDR addr 


H-(De-O) 


Exchange H with 
directly addressed 
RAM 







D 6 


1 

D5 


1 
D 4 


1 
D 3 



D2 


1 
D1 



DO 


3A 
00-5F 


2 


2 




XLDR addr 


L~(D 6 -0) 


Exchange L with 
directly addressed 
RAM 








06 


1 
D5 


1 
D4 


1 
D3 



D2 


1 
D1 


1 
DO 


3B 
00-5F 


2 


2 




Arithmetic 


ACSC 


A, C-A±(HL) + C 
skip If carry 


Add with carry; 
skip if carry 





1 


1 


1 


1 


1 








7C 


1 


1+S 


Carry = 1 


AISC data 


A— A + D3.0 
skip if overflow 


Add Immediate; 
skip If overflow 














D3 


D2 


D1 


DO 


00-0F 


1 


1+S 


Overflow 


ASC 


A-A + (HL) 
skip if overflow 


Add memory; skip 
If overflow 





1 


1 


1 


1 


1 





1 


7C 


1 


1+S 


Carry = 1 


Loglcul 


ANL 


A~A AND (HL) 


AND Accumulator 
and Memory 



1 






1 
1 


1 
1 


1 



1 



1 
1 


1 



3F 
B2 


2 


2 




EXL 


A-AXOR(HL) 


Exclusive-Or 
Accumulator and 
Memory 





1 


1 


1 


1 


1 


1 





7E 


1 


1 




ORL 


A-A OR (HL) 


OR Accumulator 
and Memory 



1 






1 
1 


1 
1 


1 



1 
1 


1 
1 


1 



3F 
B6 


2 


2 




Accumulator 




Reset Carry 
Set Carry 
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M PD7500 SERIES 



Instruction Set "B" (Cont.) 

For the \*PD7500, ftPD7501, and i*PD7506 devices only 



Mnemonic 


Function 


Description 








Instruction Code 






Bytes 


Cycles 


Skip Condition 


D7 


D6 


D S 


D4 


D3 


D2 


Dl 


DO 


HEX 


Increment and Decrement 


DDRS addr 


<D6-0)-(D6-0)-1 
skip If (D6-0) = FH 


Decrement directly 
addressed RAM; 
skip if borrow 







D 6 


1 
D 5 


1 
D4 


1 
D 3 


1 
D2 



D1 



Do 


3C 
00-5F 


2 


2 + 8 


(De-O) - FH 


DLS 


L~L - 1 
skip If L = FH 


Decrement L; skip 
If borrow 





1 





1 


1 











SB 


1 


1+S 


L = FH 


IDRS addr 


<D6-0K<t>6-0> + 1 
Skip If (D 6 . ) = OH 


Increment directly 
addressed; skip If 
overflow 







D6 


1 
D5 


1 
D4 


1 
03 


1 
D2 



D1 


1 
Do 


3D 
00-5F 


2 


2 + S 


(D 6 . ) = OH 


ILS 


L-L + 1 
skip If L = OH 


Increment L; skip If 
overflow 





1 





1 


1 








1 


59 


1 


1+S 


L = OH 


Bit Manipulation 


RMB bit 


(HL)blt-O 

bit = Bi-o (0-3) 


Reset Memory bit 





1 


1 


, 


1 





B1 


Bo 


68-6B 


1 


1 




SMB bit 


(HL)bH-1 

bit = B1-0 (0-3) 


Set Memory bit 





1 


1 





1 


1 


B1 


BO 


6C-6F 


1 


1 












Branch 





















(SP-H-PC7.4 

(SP-2)«-PC3-0 

(SP-3)-PSW 

(SP-4)-PCl0-8 

SP-SP-4 

BANK-0 

PClO-O-DlO-Q 



Call subroutine 



D7 



Ds D4 



D10 D9 Dg 

D2 D1 Do 



30-37 
OO-FF 



(SP-1)-PC7-4 

(SP-2)-PC3-0 

(SP-3)-PSW 

(SP-4)-PClO-8 

BANK-0 

pc io.(T 

001 D 4 D 3 O0OD2D 1 Dg 



Call short to 
CAL address 
subrountlne 



D4 D3 D2 D1 Do EO-FF 



PC10-8-D2.O 

PC7.4-A 

PC3-Q-(HL) 



Vectored Jump on 
Accumulator and 
Memory 



D2 D1 Do 



PC5.0-D5.0 



Jump within 
current page 



D5 D4 D3 D2 D1 Do 80-BF 



PC10-O-D10-O 



Jump to specified 
address 



Dp D5 D4 



D10 D9 D8 
D2 D1 Dp 



20-27 
OO-FF 







He w all.i Y -H 



PClO-B-(SP) 
BANK-(SP + 1) 
PC3-0-^(SP + 2) 
PC7-4-(SP + 3) 
SP«-SP + 4 



Return from 10 10 11 S3 1 1 

Subroutine 



PC10-8~(SP) 
BANK-(SP + 1) 
PC3-0*-(SP + 2) 
PC7-4-(SP + 3) 
SP-SP + 4 
Skip unconditionally 



Return from 1 110 1 1 5B 

Subroutine; then 
skip next 
instruction 



1+S Unconditional 



SP7.4-A 

SP 3 .1-<HL)3-1 

SPq-0 



Transfer Accumu- 
lator and Memory 
to Stack Pointer 




Skip If (HL)blt = 1 
bit = B 1-0(0-3) 



::••*• ■«-»- 



Conditional Skip 



SKABT bit 


Skip If Abit = 1 
bit = Bi-o(0-3) 


Skip if Accumulator 
bit true 


1 


1 


1 


1 


B1 


BO 


74-77 


1 


1+S 


Ablt = 1 


SKAEI data 


Skip If A ± D3.0 


Skip If Accumulator 
equals Immediate 
data 



1 


1 
1 


1 1 
Da 


1 

D 2 


1 
D1 


1 
DO 


3F 
60-6F 


2 


2 + S 


A » D3.0 


SKAEM 


Skip If A = (HL) 


Skip if Accumulator 
equals Memory 


1 





1 1 


1 


1 


1 


5F 


1 


1+S 


A - (HL) 


SKC 


Skip If C - 1 


Skip if Carry 


1 





1 1 





1 





5A 


1 


1+S 


C T, 1 


SKLEI data 


Skip If L = D3.0 


Skip if L equals 
immediate data 



1 


1 



1 1 
1 D3 


1 
D2 


1 
D1 



DO 


3E 
50-5F 


2 


2 + S 


L m D3.0 


SKMBF bit 


Skip If (HL)bit = 
bit = B1- 0(0-3) 


Skip If Memory 
bit false 


1 


1 








B1 


BO 


60-63 


1 


1+S 


(HL)blt = 



Skip if Memory 

bit true 
^sklDifMemorv* 



B1 Bo 



1+S (HL)blt = 1 



If— - r 
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MPD7500 SERIES 



Instruction Set "B" (Cont.) 

For the nPD7500, i*PD7501, and nPD7506 devices only 



Instruction Code 



Description 



D7 De D5 D4 D3 O2 Di Do 



Bytes Cycles Skip Condition 



Timer/Event Counter 



TCNTAM 
(except mPD7506) 



TMR7.4-A 
TMR3-0-(HL) 



A-TCR7-4 
(HL)«-TCR3.Q 



TCR 7 _ -0 
IRF T ~0 



Transfer 

Accumulator and 
Memory to Timer 
Modu l o R e gist er 
Transfer Timer 
Count Register to 
Accumulator and 
Memory 
Clear Timer 
Counter Register 



Interrupts 



Skip If IRF n AND D3-0 <>0 
IRFn-HRFn AND NOT D3-Q 



SIO 

(except mPD 7506) 

TAMSIO 
(except ii PD7506) 



SIOCR-0 
IRFp/s-0 
SIO7-4-A 
SIO3-0-(HL) 



Skip If Interrupt 
Request Flag Is true 



Start Serial I/O 
Operation 



D2 D1 Do 



3F 
40-47 



2 + S IRF n = 1 



Serial Interface 



TSIOAM 
(except mPD7506) 


A-SIO7.4 
HL-SIO3.0 




IP port 


^P~(P3-tiT 




IP1 


A-(1) 




IP54 


A-P(5) 
(HL)-P(4) 




IPL 


A-P(L) 




OP port 


P(P3-0)*-A 




OP3 

(except mPD7506) 


P(3)-A 




OPS4 


P(5)~A 
P(4)-(HL) 





Transfer Accumu- 
lator and Memory 
to SIO Shift Register 
Transfer SIO Shift 
Register to 
Accumulator and 
Memory 

Input from port, 
Immediate address 
Input from Port 1 
Input Byte from 
Port s 5 and 4 
Input from Port 
specified byj. 
Output to port, 
Immediate address 
Output to Port 3 



P3 P2 P1 Po 



3F 
EO-EF 



Output Byte to 
Ports 5 and 4 



OPL 


P(L)— A Output to port 
specified by L 


1 


1 


1 





1 





72 


RPBL 


uPD82C43 I/O Expander Port Reset Port Bit" 
(L.3-2) b.t (Llo). ' Specified by L 


"" 1 


i 


1 1 


1 








5C 












i 




SPBL 


.PDB2C43 I/O Expander Port Set Port Bit 


"o*" "i •'' 


a 


■■■*"•" -1 


s^j"t_ 





SD 



(L3.2) bU(Li. q )~l" 



Specif ie_dby L 



CPU Control 



NOP 
STOP 



Enter HALT Mode 



No operation 
Enter STOP Mode 



I/O 


1 



1 
P3 


1 

P2 












1 

3 


1 
P1 


1 

PO 


3F 
CO-CF 


2 


2 


1 


1 











1 


71 


1 


1 


1 
1 


1 
1 


1 
1 


1 



1 




1 




3F 
38 


2 


2 



3F 


2 


2 




36 








00 


1 


1 




3F 


2 


2 




37 









Development Tools 

For software development, editing, debugging, and 
assembly into object code, the NDS Development 
System, designed and manufactured by NEC 
Electronics U.S.A., Inc., is available. Additionally, for 
systems supporting either the ISIS-II (® Intel Corp.), 
CP/M (® Digital Research Corp.) or FDOS-II (® Motorola, 
Inc.,) operating systems, or Fortran IV ANSI 1966 V3.9, 
the ASM75 Cross-Assembler is available. 
Once software development is complete, the code can 
be completely evaluated and debugged with hardware 
by the Evakit-7500 Evaluation Board. Available options 
include the Evakit-7500-LCD LCD driver board (for the 
M PD7501 , M PD7502, and M PD7503), Evakit-7500-VFD 
Vacuum Fluorescent Display driver board (for the 
M PD7508A and M PD7519), and the Evakit-7500-RTT 
Real Time Tracer. The SE-7502 System Emulation 
Board will emulate complete functionality of the 



/iPD7501, f/PD7502, or mPD7503 for demonstrating your 
final system design. The SE-7508 System Emulation 
Board will emulate complete functionality of the 
MPD7506, mPD7507, M PD7507S, M PD7508, or M PD7508A 
for demonstrating your final system design. All of these 
boards take advantage of the capabilities of the 
/uPD7500 Rom-less evaluation chip to perform their 
tasks. 

Complete operation details on any ^PD7500 Series 
CMOS 4-Bit Microcomputer can be found in the 
fiPD7500 Series CMOS 4-Bit Microcomputer Technical 
Manual. 
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M PD7500 SERIES 



Package Outline 

M PD7500G 

M PD7519G-XXX 

XXX denotes mask number 
assigned by factory at time of 
code verification. 
Use. I.C. Socket NP32-64075G4. 





Package Outlines 



nK 



-18.0 -20.1- 
-23.1 ~ 25.2- 



>B 




MPD7501Q-XXX-11 
MPD7502Q-MXX-11 
M PD7503G-XXX-11 

XXX denotes mask number 
assigned by factory at time of 
code verification. 
Use. I.C. Socket IC-51-59S. 



19.6 i 0.4 
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MPD7500 SERIES 



Package Outlines 

M PD7501G-XXX-12 
M PD7502G-XXX-12 
M PD7503G-XXX-12 



i± 



HBHHHBHHHHBHBBHiiBH _ 



o 



H 



. 24.7 ± 0.4 . 



^<BMMMMMMaflafla>u 



H0.10 
-0.05 



XXX denotes mask number assigned by factory at time of code submission. 
Use I.C. Socket IC-51-59S. 
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MPD7500 SERIES 



Package Outlines 

MPD7506G-XXX-01 
M PD7507G-XXX-01 
MPD7508G-XXX-01 



+ 0.10 
-0.05 



HJi 



27^ 



O 



n" 



ID DDDDDODDDOn Pl N 1 

Tl A.. >_, — <S \ 

{ 0.1 Max 
— 25.6 ± 0.4 -j 



MPD7506G-XXX-00 
MPD7507G-XXX-00 
M PD7508G-XXX-00 



i 



o 



i 



-12.0 ± 0.3- 



0<"\-15° P- 
0° ~ 15° \__, 



-0.05 
2.2 ± 0.2 



XXX denotes mask number assigned by factory at time of code submission. 
Use I.C. Socket IC-53-11. 
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M PD7500 SERIES 

Package Outlines 



M PD7506C-XXX 
M PD7507SCXXX 




Item 


Millimeters 


Inches 


A 


3B.0 MAX 


1.496 MAX 


B 


2.49 


0.098 


C 


2.54 


0.10 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


33.02 


1.3 


F 


1.5 


0.059 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.02 MIN 


1 


5.22 MAX 


0.205 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.6 


L 


13.2 


0.52 


M 


„,,= +0-10 
0.25 

-0.05 


.„ +0.004 
0.01 

-0.002 



190 



<PD7500 SERIES 



Package Outlines 

M PD7507C-XXX 
M PD7508C-XXX 
M PD7508AC-XXX 1 5R 



nnnnnnnnnnnnnnnnnnnn 



UUUUUUUUUUUUUUUUUUUU 



2.54 
-48.26 



0.5 ± 0.1 




-*- 15.24 »- 



0.5 MlnT 
2.54 Min 





7500DS-1 -82-TRIUM-CAT 
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NOTES 
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NEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 
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Description S: ' 

The /iPD7501 is a CMOS 4-bit single chip microcom- 
puter which has the /^PD750x architecture. 

The mPD7501 contains a 1024 x 8-bit ROM, and a 96 x 
4-bit RAM. 

The nPD7501 contains two 4-bit general purpose 
registers located outside RAM. The subroutine stack is 
implemented in RAM for greater nesting depth and flex- 
ibility, providing such operations as the pushing and 
popping of register values. The ^PD7501 typically exe- 
cutes 63 instructions of the /jPD7500 series "B" 
instruction set with a "lO^s instruction cycle time. 

The fiPD7501 has two external and two internal edge- 
triggered testable interrupts. It also contains an 8-bit 
timer/event counter and an 8-bit serial interface to help 
reduce software requirements. The on-board LCD con- 
troller/driver supervises all of the timing required by the 
24 Port S segment drivers and the 4 Port COM back- 
plane drivers, for either a 12-digit 7-segment quadri- 
plexed LCD, or an 8-digit 7-segment triplexed LCD. 

The ^PD7501 provides 24 I/O lines organized into the 
4-bit input/serial interface Port 0, the 4-bit input Port 1, 
the 4-bit output Port 3, and the 4-bit I/O Ports 4, 5, and 
6. It is manufactured with a low power consumption 
CMOS process, allowing the use of a single power sup- 
ply between 2.7V and 5.5V. Current consumption is 
less than P/OO^A maximum, and can be lowered much 
further in the HALT and STOP power-down modes. The 
jiPD7501 is available in a space-saving 64-pin flat 
plastic package. 

The nPD7501 is upward compatible with the /nPD7502 
and the mPD7503. 



M PD7501 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTER WITH LCD 

CONTROLLER/DRIVER 



Pin Identification 





Pin 




No. 


Symbol 




1 


NC 


No connection. 


2-4, 64 


P3 3 -P3 


4-blt latched trl-state output Port 3 (active high). 


5 


P0 3 /Sl 


4-blt Input Port 0/serial I/O Interface (active high). 



20,21 



31-54 



PO2/SO This port can be configured either as a parallel Input port, 

P0i/§St? or as tne 8 " D " ser| al "O Interface, under control of the 

9erlal mode select register. The Serial Input SI (active 
P0 0' INT 1 high), Serial Output SO (active low), and the Serial Clock 

SCK (active low) used for synchronizing data transfer, 

comprise the 8-blt serial I/O Interface. Line P0 Is always 

shared with external Interrupt INT-j . 



P63-P60 



4-blt Input/latched trl-state output Port 6 (active high). 
Individual lines can be configured either as Inputs or as 
outputs under control of the Port 6 mode select register. 



12-15 P5 3 -P5n 



4-blt input/latched trl-state output Port 5 (active high). Can 
also perform 8-bit parallel I/O In conjunction with Port 4. 



16-19 P4 3 -P4 



4-blt input/latched trl-state output Port 4 (active high). Can 
also perform 8-blt parallel I/O In conjunction with Port 5. 



X2, X< 



Crystal clock/external event input Port X (active high). A 
crystal oscillator circuit Is connected to Input Xj and out- 
put X2 for crystal clock operation. Alternatively, external 
event pulses are connected to input X-j while output X2 Is 
left open for external event counting. 



Ground. 



23-25 V LCD3 , V LCD2 , 

VLCD, 



LCD bias voltage supply inputs to LCD voltage controller. 
Apply appropriate voltages from a voltage ladder con- 
nected across Vqq. 



Power supply positive. Apply single voltage ranging from 
2.7V to 5.5V for proper operation. 



27-30 COM 3 -COMn 



LCD backplane driver outputs. 



S 23-Sn 



LCD segment driver outputs. 



RESET input (active high). R/C circuit or pulse Initializes 
MPD7501 after power-up. 



57, 59 CL 1 , CL 2 System clock Input (active high). Connect 82kQ resistor 

across CL-j and CL 2 , and connect 33pF capacitor from 
CL1 to Vgs- Alternatively, an external clock source may 
be connected to CL|, whereas CLj Is left open. 



B 



60-63 PI3-PI0 
(Pln'INTn) 



4-blt Input Port 1 (active high). Line P1n Is also shared 
with external Interrupt INT U . 



Pin Configuration 



38 37 36 36 34 33 



O MPD7501 Q 



o 



2 s £ S | 8 |§ iieiiSeli 



1 13 14 IS t6 17 IB 19 



3 COM3 

3»DO 



3 V L CD 2 
3 V <-CD 3 



Absolute Maximum Ratings' 



T a = 25°C 


Operating Temperature 


-10°Cto +70°C 


Storage Temperature 


-65°Cto +150°C 


Power Supply Voltage, Vqd 


-0.3V to +7.0V 


All Input and Output Voltages 


-0.3VtoVoD +0-3V 


Output-Current (Total, All Output Ports) 


•OH = -20mA 




Iql = 30mA 



"Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 
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M PD7501 

Block Diagram 



poi/sck P03/S | 
P02/S0 



LA 



PO0/INT1 INTO 



Count 

Clock 

Generator 



Clock 
Control 
Circuit 



1 T 



Timer/Event 
Counter 



T" r~r~: 



Serial I/O 
Interface 



LCD TIMING PULSE 



rr irr ^& 



n 



10-Bit Program Counter 



Program Memory 
1024 X 8-Blt ROM ( M PD7501) 



System 

Clock 

Generator 



FT 



CL1 CL2 



Standby 
Control 



U^ 1 Jl 



ALU 



A- 
V 

V 



^L 



A (4) 



General Registers 



Instruction 
Decoder 



H(4) I L(4) 



Ktack Pointer 



D 



Data Memory 
06 x 4-Blt RAM ( M PD7501) 



V 



Port 3 
Latch 
Buffer 



& 



Port 4 
Latch 
Buffer 



fc 



3 

'& 



LCD TIMING PULSE 



LCD Controller/Driver 



U 



RESET Vdd VSS VlCDi. S0-S23 COM0-COM3 

VLCD2. 
VLCD3 



A \ Port 5 / \ 

[ ) Latch 4 ) 
\ — [/ Buffer \ j/ 






Port 6 
Latch 
Buffer 
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DC Characteristics 

T a = -10°Cto +70°C,Vdd = 2.7V to 5.5V 



M PD7501 





Symbol 




Umlla 




Unit 


Tast Conditions 




Parameter 


Mln 


Typ 


Max 






V|H 


0.7 V DD 




VDD 


V 


All Inputs Other than CL 1 , X 1 




Input Voltage High 


V *H 


v DD-0.5 




VDD 


CL„ X t 






V 'H D R 


0.9V DDdr 




V DD[)R+ 0.2 


RESET, Data Retention Mode 




Input Voltage Low 


V|L 







0.3 V DD 


V 


All Inputs Other than CL 1( X 1 




V+L 







0.5 


CL^X, 




Input Leakage Current High 


'LI H 






3 


ma 


All Inputs Other than CL 1f X 1 
CL^X, 


V, - V DD 


'LiH 






10 




Input Leakage Current Low 


'L'L 






-3 


MA 


All Inputs Other than CL(, X 1 
CL„ X, 


V| =• 0V 


M L 






-10 




Output Voltage High 


V H 


V DD - 1.0 






V 


V D D - 5V ± 10%, l 0H - -1.0 mA 




V DD - 0.5 






V DD = 2.7V to 5.5V, l 0H - -100 mA 




Output Voltage Low 


Vol 






0.4 


V 


V D D = 5V ± 10%, l 0L - 1.6 mA 








0.5 


V DD = 2.7V to 5.5V, l 0L - 400 pA 




Output Leakage Current High 


'lo„ 






3 


t-A 


v = v DD 




Output Leakage Current Low 


' L0 L 






-3 


ma 


V - OV 





R COM 



Output Impedance 



V DD = 5V ± 10% 

COM to COM,, 2.7V < Vi CD < V DD 

u J- u,u uu V[)D = 2 7V , 5 5V 



*S 



V D D = 5V ± 10% 



Vnn = 5V ± 10% 

S to S» 3 , 2.7V < Vi cd < VnD 

Z3> LOO OO Vqd = 2 7V , s 5V 



Supply Voltage 



V DDn 



Data Retention Mode 



'DD 



Normal Operation 



V D D = 5V ± 10% 
Vqd = 3V ± 10M 



Supply Current 



'DDs 



kA 



Stop Mode, X t = 0V 



V DD = 5V ± 10% 
V DD = 3V ± 10% 



'DD Dn 



Data Retention Mode 



V DDd „ = 20V 



AC Characteristics 

T a = -10°Cto +70°C, V DD = 2.7V to 5.5V 



Symbol 



Typ 



Tost Conditions 




System Clock Oscillation Frequency 



«., n C-33 P F ± 5% 


Vqd = 5V ± 10% 


R/C Clock n _ 1M k2 ± 2% 
C » 33 pF ± 5% 


Vqd = 3V ± 10% 
V DD = 2.7V to 5.5V 


CL-) , External Clock 


V D D = SV ± 10% 





System Clock Rise and Fall Times 


«r+- «H 








0.2 


MS 


CL-), External Clock 




System Clock Pulse Width 


»«>w H .t+w L 


1.5 




50 


MS 


CL 1 , External Clock 


V DD = 5V ± 10% 


3.5 




50 


Vqd = 2 -7V to 5.5V 




'x 




25 


32 


50 


KHz 


X 1 , X 2 Crystal Oscillator 




Counter Clock Oscillation Frequency 


'"Ext 









300 


Xi , External Pulse Input 


V D D = 5V ± 10% 









135 


V D D = 2.7V to 5.5V 


Counter Clock Rise and Fall Times 


»rx- *fx 








0.2 


MB 


X,, External Pulse Input 




Counter Clock Pulse Width 


«xW H - 


xW L 


1.5 






MS 


Xf , External Pulse Input 


V DD = 5V ± 10% 


3.5 






V DD = 2.7V to 5.5V 



SCK Cycle Time 



«CY K 



SCK Is an Input 



Vqd = SV ± 10% 
V DD = 2.7V to 5.5V 



SCK is an output 



Vqd = 5V ± 10% 
V DD = 2.7V to 5.5V 



SCR Pulse Width 



*KW H - «KW L 



SCK is an input 



Vpp = 5V ± 10% 
Vqd = 2.7v to 5.5V 



SCK is an output 



Vpp = 5 V ± 10% 
V DD = 2.7V to 5.5V 



SI Setup Time to §CT?t 


<IS 


300 




ns 




SI Hold Time after 5CR> 


<IH 


450 




ns 




SO Delay Time after §CK* 


toD 




850 


ns 


V DD - 5V ± 10% 




1200 


Vqd = 2.7V to 5.5V 


INT Pulse Width 


«I W H - Vl 


10 




MS 




INT, Pulse Width 


t^WH^I^L 


«*. 




MS 




RESET Pulse Width 


*RW H - *RW L 


10 




MS 




RESET Setup Time 


'RS 







ns 




RESET Hold Time 


l RH 







ns 
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jkPD7501 

Capacitance 



T a = 25 °C, V DD = 


ov 














Symbol 




Limit* 




Unit 




Parameter 


M/n 


Typ 


Mmx 


Conditions 


Input Capacitance 


C| 






15 


pF 


f = 1 MHz 


Output Capacitance 


c 






15 


pF 


Unmeasured pins 


Input/Output Capacitance 


c i/o 






15 




returned to Vg5 



Timing Waveforms 

Clocks 



«fx — 



\ 



-1'Hext- 



-t^WL - 



u 



'— hwh- 



-«xW L - 



«xW H - 



\ 









Serial Interface 



-tCY K 




External Interrupts 

INTO 



\ 



"t| WL 



/ 



"tlQWH 



K 



— V|H 

— V|L 



^ 



-thWL- 



f 



-thW H - 



\. 



V|H 



Reset 



\ 



-tRWL- 



-tRWH 



/ \ 



V(H 
V|L 



Data Retention Mode 

VDD 



^tRS — \ 



-Data Retention Mode- 



/ -tRH 
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_ v, H 



= V "Hn 



Operating Characteristics 

Typical, T a = 25°C 



M PD7501 



Supply Current 

vs 

Supply Voltage (Note ©) 



I CL1 CL 2 | 








T= 33pF 












R = 82kS 










R = 160kS 
















^if~ 











e 5 



Supply Current 
Supply Voltage (Note ® ) 







* 
































| X1 X 2 | 


L 

Xtal ? 

HDH 

4 r 

R1 = 330kS 
Ci = 20pF 














C2 
x tal 


= 30pF 

= 32.768KHz 



Supply Voltage Vdd (V) 



Supply Voltage Vdd (V) 



Supply Current 

vs 

System Clock Oscillation Frequency 

(Note ®) 



| CL 2 CL1 | 


vdd = s.ov 








W 


C 






C = 39pF 






C = 


100pF ^ 


= 56pF 


^^C = 2 


pF 


^ 


^ 


^>^ 

































Supply Current 

vs 

System Clock Oscillation Frequency 

(Note ©) 



I CL 2 CM | 












c 


vdd = 3.ov 
































c = 


100 pF 

' c = 


i6pF C 


= 39pF 
C~=27 


>F 















E 



100 200 300 400 

Oscillation Frequency f,j, (KHz) 



200 300 400 

Oscillation Frequency f^ (KHz) 



Notes: 

® Only R/C system clock is operating and consuming power. All other internal logic blocks are not active. 
@ Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active. 



197 



VPD7501 

Operating Characteristics (Cont.) 

Typical, T a = 25 °C 



System Clock Oscillation Frequency 









| CL 2 CL1 | 








C = 33pF ^ 
m 








VDD = 5V 










VDD = 3V 






Ui 











SO 100 200 

Resistance R (K ohms) 



System Clock Oscillation Frequency 

vs 

Supply Voltage 



| CL2 CL1 | 










lc 

T = 33pF 


















R = 82kS 












R = 160k« 





























Supply Voltage VpD (V) 
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7501DS-1-82-CAT 



NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



M PD7502 

M PD7503 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTERS WITH LCD 

CONTROLLER/DRIVER 



Description 

The mPD7502 and the <iPD7503 are pin-compatible 
CMOS 4-bit single chip microcomputers which have the 
same nPD750x architecture. 

The /iPD7502 contains a 2048 x 8-bit ROM, and a 128 x 
4-bit RAM. The mPD7503 contains a 4096 x 8-bit ROM, 
and a 224 x 4-bit RAM. 

Both the /iPD7502 and the /-(PD7503 contain four 4-bit 
general purpose registers located outside RAM. The 
subroutine stack is implemented in RAM for greater 
nesting depth and flexibility, providing such operations 
as the pushing and popping of register values. The 
MPD7502 and the p«PD7503 typically execute 92 instruc- 
tions of the fiPD7500 series "A" instruction set with a 
10ys instruction cycle time. 

The nPD7502 and the ptPD7503 have two external and 
two internal edge-triggered hardware vectored inter- 
rupts. They also contain an 8-bit timer/event counter 
and an 8-bit serial interface to help reduce software 
requirements. The on-board LCD controller/driver 
supervises all of the timing required by the 24 Port S 
segment drivers and the 4 Port COM backplane drivers, 
for either a 12-digit 7-segment quadriplexed LCD, or an 
8-digit 7-segment triplexed LCD. 

Both the mPD7502 and the mPD7503 provide 23 I/O 
lines, organized into the 3-bit input/serial interface 
Port 0, the 4-bit input Port 1 , the 4-bit output Port 3, 
and the 4-bit I/O Ports 4, 5, and 6. They are manufac- 
tured with a low power consumption CMOS process, 
allowing the use of a single power supply between 2.7V 
and 5.5V. Current consumption is less than 900/iiA max- 
imum, and can be lowered much further in the HALT 
and STOP power-down modes. The ^PD7502 and the 
j*PD7503 are available in a space-saving 64-pin flat 
plastic package. 

The jiPD7502 is downward compatible with the 
MPD7501 . 

Pin Configuration 



3 X St R 



INT, c 
RESET C 



51 60 49 48 47 46 45 44 43 42 



39 36 37 36 35 34 33 



o 



o 



MPD7502 
MPD7503 



O 



9 10 II 12 13 14 16 16 17 18 19 



tei en 



Pin Names 



Pin No. Symbol 


Function 


1 NC 


No connection. 


2-4, 64 P3 3 -P3 


4-bit latched trlstate output Port 3 (active high). 


5 PO3/SI 


3-bit Input Port 0/serlal I/O interlace (active high). 



P0 2 /SO 
PO./gCrf 



8-11 P6 3 -P6 



12-15 P5 3 -PS 
16-19 P4 3 -P4 



20, 21 X 2 , X 1 



V S S 



This port can be configured either as a parallel Input port, 
or as the 8-bit serial I/O Interface, under control of the serial 
mode select register. The Serial Input SI (active high), Serial 
Output SO (active high), and the Serial Clock SCK (active 
low) used for synchronizing data transfer, comprise the 8-bit 
serial I/O Interface. 

4-bit input/latched trlstate output Port 6 (active high). Indi- 
vidual lines can be configured either as Inputs or as outputs 

under control of the Port 6 mode select register. 

4-bit input/latched tristate output Port 5 (active high). Can 
also perform 8-bit parallel I/O in conjunction with Port 4. 
4-bit input/latched trlstate output Port 4 (active high). Can 
also perform 8-blt parallel I/O in conjunction with Port 5. 
Crystal clock/external event Input Port X (active high). A 
crystal oscillator circuit is connected to input X 1 and output 
X 2 for crystal clock operation. Alternatively, external event 
pulses are connected to input X-j while output X 2 is left 
open for external event counting. 
Ground. 



23-25 V LCD 3 ' V LCD 2 ' LCD bias voltage supply Inputs to LCD voltage controller. 

y Apply appropriate voltages from a voltage ladder connected 

[ LCD 1 across V DD . 



Power supply positive. Apply single voltage i 
2.7V to 5.5V for proper operation. 



nglng from 



27-30 COM 3 -COMn LCD backplane driver outputs. 



31-54 S 23 -Sq 



LCD segment driver outputs. 



External Interrupt INT^ (active high). This Is a rising edge- 
triggered Interrupt. ' 




RESET input (active high). R/C circuit or pulse initializes 
MPD7502 or mPD7503 after power-up. 



57,59 CL 1 ,CL 2 



P1 3 -P1 
(PI /INT ) 



System clock Input (active high). Connect 82kQ resistor 
across CL^ and CL 2 , and connect 33pF capacitor from CLj 
to V33. Alternatively, an external clock source may be con- 
nected to CL.) , whereas CL 2 Is left open. 
4-blt Input Port 1 (active high). Line P1n is also shared with 
external interrupt INTg, which is a rising edge-triggered 
interrupt. 



Absolute Maximum Ratings' 



T» = 25°C 



Operating Temperature 



-10°Cto +70°C 



Storage Temperature 



-65°Cto +150°C 



Power Supply Voltage, Vqd 



-0.3V to +7.0V 



All Input and Output Voltages 



-0.3VtoV DD +0.3V 



Output-Current (Total, All Output Ports) 



'OH = -20mA 
IQL = 30mA 



•Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 



si£Si£££i£ 
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M PD7502/7503 

Block Diagram 



poi/sck P03/s , 
P02/S0 



i_L 



INT1 INTO 



Count 

Clock 

Generator 



Clock 
Control 
Circuit 



Timer/Event 
Counter 



I -. ] '\ ;; 



Interrupt 
Controller 



Serial I/O 
Interface 



LCD TIMING PULSE 



riT D 



n 



Program Counter 
11 -Bit (a<PD7502) 
12-Blt (jiPD7503) 



Program Memory 
2048 X 8-Blt ROM (jiPD7502) 
4096 X 8-Blt ROM (mPD7503) 



rt 



System 

Clock 

Generator 



Standby 
Control 




H 



A (4) 



=) 



Instruction 
Decoder 



D(4) 



General Registers 

r 



E(4) 



H(4) 



L(4) 



Stack Pointer 



Data Memory 
12S X 4-Blt RAM (yPD7502) 
224 x 4-Blt RAM (j,PD7503) 



LCD TIMING PULSE 






LCD Controller/Driver 



RESET VDD 



VLCD1. 
VLCD2, 
VLCD3 



U 



S0-S23 COM0-COM3 



V 

A- 
V 









Port 3 
Latch 
Buffer 



Port 6 
Latch 
Buffer 



P1g/INTn 
P10-P13 



A \ Port 4 A \ 

. ) Latch t 4 y 

\ — y Buffer \| V 

{-*\. "^ hr\ 

\f—y Bu,,er N — / 



Capacitance 

T a a 25°C, V D d = OV 





Symbol 


Limits 


Unit 


Teat 
Conditions 


Parameter 


Nttn Typ Max 


Input Capacitance 


C| 


15 


PF 


f = 1 MHz, 


Output Capacitance 


Co 


15 


pF 


Unmeasured plna 


Input/Output Capacitance 


c l/0 


15 




returned to Vgs 
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DC Characteristics 

T a = - 10°C to + 70°C, VDD = 2.7 to 5.5V 



M PD7502/7503 



Symbol 



M/n 



Test Condition* 



V|H 



0.7 V DD 



V D D 



All Inputs Other than CLi , X.| 



Input Voltage High 



V+H 



v DD-0.5 



Vpp 



CM.X! 





V '"PR 


0.9V DD[)R 


V DDdr + 0.2 




RESET, Data Retention Mode 




Input Voltage Low 


V|L 





0.3 V DD 


V 


All Inputs Other than CL-t, X-) 




V*L 





0.5 


CL^X! 




Input Leakage Current High 


'LI H 




3 


,'*"* 


All Inputs Other than CL 1 , Xi 
CL^X, 


V| = v DD 


'•-+H 




10 




Input Leakage Current Low 


■u L 




-3 


MA 


All Inputs Other than CL 1 , X 1 
CL^ X, 


V| = ov 


Ml 




-10: 




Output Voltage High 


VOH 


V D D " 1-0 




V 


VDD = 5V ± 10%, Iqh = -10 mA 




V DD - 0.5 




V D D = 2.7V to 5.5V, lOH = -100 mA 




Output Voltage Low 


vol 




0.4 


V 


Vdd = 5V ± 10%, lOL - 1.6 mA 






0.5 


Vpp. 2.7V to 5.5V, lOL » 400 mA 




Output Leakage Current High 


<lo h 




3 


ma 


VO = VDD 




Output Leakage Current Low 


'lo l 




-3 


<pA 


VO = ov 





R COM 



Output Impedance 



COMp to COM3, 2-7V < V LC D < V D D Vpp = ^ ^ ^ 



"S 



S to S 23 , 2.7V < V LC D < V DD 



Vpp = 5V ± 10% 
V DD = 2.7V to 5.5V 



Supply Voltage 



V DDn 



Data Retention Mode 



Supply Current 



■DP 


150 


400 




2 


20 


"dd s 


0.5 


10 



Normal Operation 



V DD = 5V ± 10% 
Vpp = 3V ± 10% 



Stop Mode, X 1 = 0V 



Vpp * 5V ± 10% 
Vpp = 3V ± 10% 



'"DDR 


0.4 


10 




Data Retention Mode 


Vpp DR = 2.0V 


AC Characteristics 

T a = -10°Cto +70°C, V D D = 2.7Vto5.5V 






Limits 




Unit 




Parameter Symbol 


Mfn 


Typ 


max 


Test Conditions 



R = 82 kS ± 2% 
C = 33 pF ± 5% 



Vpp = 5V ± 10% 





'♦ 




60 


100 


130 


kHz 


CL^CLo R = 160 k2 ± 2% 
R/C Clock C m 33 pF ± 5% 


Vpp = 

Vpp . 


= 3V ± 10% 


System Clock Oscillation Frequency 


60 




180 


= 2.7V to 5.5V 




*Ext 




10 


200 


300 


CLi , External Clock 




vpp = 

Vpp = 


= 5V ± 10% 




10 




135 


= 2.7V to 5.5V 


System Clock Rise and Fall Times 


l r$. *f+ 








0.2 


V* 


CL-) , External Clock 








System Clock Pulse Width 


+w H ,t$w L 


1.5 




50 


M S 


CL-) , External Clock 




vpp = 
v D p = 


. 5V ± 10% 


• 3.5 




50 


= 2.7V to 5.5V 




'x 




25 


32 


50 


kHz 


Xf , X2 Crystal Oscillator 








Counter Clock Oscillation Frequency 


'"Ext 









300 


X-| , External Pulse Input 




vpp = 
v D p = 


= 5V ± 10% 









135 


= 2.7V to 5.5V 


Counter Clock Rise and Fall Times 


rx> Ifx 








0.2 


MS 


X-| , External Pulse Input 








Counter Clock Pulse Width 


xW H -t 


xW L 


1.5 






pB 


X1 , External Pulse Input 




Vpp = 
Vnn = 


= 5V ± 10% 


3.5 






2.7V to 5.5V 



D 



SCK Cycle Time 



«CY K 



SCK is an input 



Vpp = 5V ± 10% 
Vpp = 2.7V to 5.5V 



SCKis an output 



Vpp = 5V ± 10% 
Vpp = 2.7V to 5.5V 



SCK Pulse Width 



'KW H . *KW l 



SCK is an input 



Vpp = 5V ± 10% 
V DD = 2.7v to 5.5V 



SCK is an output 



Vpp = 5V ± 10% 
Vpp r2.7V to S.5V 



SI Setup Time to SCKt 


t|S 


300 




ns 






SI Hold Time after SCKt 


«IH 


450 




ns 






. 


top 




850 


ns 


Vpp = 5V ± 10% 








1200 ■■■■:. 


V DD = 2.7V to 5.5V 




INT Pulse Width 


'IoWh- l 'oW L 


10 




us 






INT 1 Pulse Width 


'"iWh- *llW L 


2 V 




1*.- 






RESET Pulse Width 


l RW H . tRW L 


10 




1* 






RESET Setup Time 


l RS 







ns 






RESET Hold Time 


! RH 







ns 
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M PD7502/7503 

Timing Waveforms 

Clocks 



\ 



»fx — 



\ 



-1/f+EXT- 



"*+w L - 



t r ,~ / 



-Hw H - 



-—y 



\ 



"V 






— V$ H 



Serial Interface 



\ 



•CYK- 



-tKWL" 



-tKWH" 



Y V 



Valid 
v Input Data 



J 



~'CD- 



X 



Valid Output Data 



X 



— V|H 

— V|L 



~— V|H 
-— VlL 



External Interrupts 

INTO 



\ 



■tloWL " 



/ 



-t| W H " 



•V|H 
V|L 



\ 



-thWL- 



-«I1W H - 



f \ 



— V|H 
V|L 



Reset 



A, 



-tRWL- 



-tRWH 



/ \ 



V|H 
V|L 



Data Retention Mode 

VDD 



J* 



- Data Retention Mode- 



_V|H 
= yiHn, 
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Operating Characteristics 

Typical, T a = 25°C 



M PD7502/7503 



Supply Current 

vs 

Supply Voltage (Note © ) 



| CL1 CL 2 | 








n. ic 

T= 33pF 












R = 82k£3 . 










H = 160kS2 
















"V/J 











Supply Current 

vs 

Supply Voltage (Note © ) 

















20 
? 1 ° 






















Q 
Q 












3 

o 


















| X1 X 2 | 


a 
a. 

3 

in 




XtalT 1 


2 








HDH 

C1 i j C2 
















R1 = 330kS 










Ci = 20pF 
C2 = 30pF 


, 














X tal = 32.768KHZ 



Supply Voltage Vdd (V) 



Supply Voltage Vdd ( v ) 



Supply Current 



System Clock Oscillation Frequency 
(Note ©) 



| CL2 CL1 | 


vdd = 5.ov 










: c 

r 






C = 39pF 






c = 


100pF V 


= 56pF 


^- C = 2 


pF 







































Supply Current 



System Clock Oscillation Frequency 
(Note ©) 



_ 200 

1 



2 150 



I CL 2 CL1 | 










7 


C 

* 


vdd = 3.ov 
































C = 


100 pF 

c = 


>6pF JJ 


= 39pF 
£""=27 


>F 















E 



200 300 400 

Oscillation Frequency ty (KHz) 



200 300 400 

Oscillation Frequency 1$ (KHz) 



Notes: 

® Only R/C system clock is operating and consuming power. All other internal logic blocks are not active. 
@ Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active. 



203 



M PD7502/7503 

Operating Characteristics (Cont.) 

Typical, T a = 25°C 



System Clock Oscillation Frequency 









| CL 2 CL1 | 








C = 33pF ^ 
nr 








VDD = 5V 










VDD = 3V 






Ui 1 











System Clock Oscillation Frequency 

vs 

Supply Voltage 





| CL 2 CL1 | 










250 


R 














T = 33pF 




















R = 82kQ 




150 
100 
50 






















R = 160kO 





























50 100 200 

Resistance R (K ohms) 



Supply Voltage Vdd (V) 
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NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



juPD7506 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTER 



Description 

The ^PD7506 is a CMOS 4-bit single chip microcom- 
puter which has the juPD750x architecture. 
The pjPD7506 contains a 1024 x 8-bit ROM, and a 64 x 
4-bit RAM. 

The nPD7506 contains two 4-bit general purpose 
registers located outside RAM. The subroutine stack is 
implemented in RAM for greater nesting depth and flex- 
ibility, providing such operations as the pushing and 
popping of register values. The /uPD7506 typically ex- 
ecutes 58 instructions of the /nPD7500 series "B" in- 
struction set with a 10^s instruction cycle time. 

The fiPD7506 has one external and one internal edge- 
triggered testable interrupts. It also contains an 8-bit 
timer/event counter to help reduce software 
requirements. 

The juPD7506 provides 22 I/O lines, organized into the 
2-bit input Port 0, the 4-bit output Port 2, and the 4-bit 
I/O Ports 1 , 4, 5, and 6. It is manufactured with a low 
power consumption CMOS process, allowing the use of 
a single power supply between 2.7V and 5.5V. Current 
consumption is less than 600nA maximum, and can be 
lowered much further in the HALT and STOP power- 
down modes. The /^PD7506 is available either in a 
28-pin dual-in-line plastic package, or in a space-saving 
52-pin flat plastic package. 

The /iPD7506 is upward compatible with the ^PD7507 
and the ^PD7507S. 

Pin Configuration 



zzzxzo->z>a 



Pin Configuration (Cont.) 



PVPSTB C 
P2 1'PT0UT 




] P0 /INT 



a S j o ? o Q fc; => ,r « o o 

> in 

DC 









(Top View) 








P43 z 




W 


28 


Z v S s 




x 2 Z 


2 




27 


Z P"2 


P03/X1 z 


3 




26 


Z] P41 


P20/PSTB Z 


4 




25 


Z P40 


P21/PTOUT Z 


5 




24 


Z POn/INTo 




P22 Z 


6 


7506C 


23 


Z P53 




P23 Z 


7 


22 


Z P52 




P60 IZ 


8 




21 


Z P51 




P61 IZ 


9 




20 


Z P5o 




P62 CZ 


10 




19 


Z P13 




P63 Z 


11 




18 


ZJ P12 




CL1 Z 


12 




17 


Z P11 




CL 2 Z 


13 




16 


Z P10 




VDD Z 


14 




15 


Z RESET 


Pin Names 








40-Pln 52-Pln 








DIP Flat 


Symbol 




Function 


1,25-27 24,29,30, 


34 P4„-P4 3 


4-bit Input/latched tristate output Port 4 (active 
high). Can also perform 8-bit parallel I/O In con- 
junction with Port 5. 



2, 3 36, 41 X 2 ,P0 3 / X 1 Crystal clock/external event input Port X (active 

high). A crystal oscillator circuit is connected to 
Input X^ and output X 2 for crystal clock opera- 
tion. Alternatively, external event pulses are 
connected to input X-j while output X 2 Is left 
open for external event counting. Line X 1 Is 
always shared with Port input P0 3 . 




4-7 42-45 



P2 /PSTB 
P2 l' P Tn.n 



4-bit latched tristate output Port 2 (active high). 
Line P2q is also shared with PstI> tne Port 1 
output strobe pulse (active low). Line P2 1 is 
also shared with Pt out > tne timer-out F/F 
signal (active high). 



8-11 47-50 P60-P63 4-bit Input/latched tristate output Port 6 (active 

high). Individual lines can be configured either 
as inputs or as outputs under control of the Port 
6 mode select register. 

12,13 3,5 CL 1 ,CL 2 System clock input (active high). Connect 120kQ 

resistor across CL 1 and CL 2 . Alternatively, an 
external clock source may be connected to CLj, 
whereas CL 2 Is left open. 



14 7, 33 



Power supply positive. Apply single voltage 
ranging from 2.7V to 5.5V for proper operation. 



16-19 9-11,16 P1n-P1i 



RESET input (active high). R/C circuit or pulse 
Initializes nPD7507 or nPD7508 after power-up. 
4-bit input/tristate output Port 1 (active high). 
Data output to Port 1 is strobed In synchroniza- 
tion with a P2g/PsfB pulse. 



20-23 16-18, 21 P5 -P5 3 



4-bit input/latched tristate output Port 5 (active 
high). Can also perform 8-bit parallel I/O In con- 
junction with Port 4. 
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24, 3 23, 41 P0 n /INT 

P03/X, 



J1 Vss_ 

1,2,4,6 NC 

12-15, 19,20, 
25-28, 32, 
35, 37-40, 46, 
51, 52 



2-bit Input Port (active high). Line P0 U is 
always shared with external interrupt INTg 
(active high). Line PO3 Is always shared with 
crystal clock/external event input Xj (active 

high). 

Ground. 

No connection. 



MPD7506 

Block Diagram 



PO3/X1 / X2 

i 



POq/INTo 



Count 

Clock 

Generator 



Clock 
Control 
Circuit 



n 



10-Bit Program Counter 



Program Memory 
1024 x e-Bit ROM (mPD7506) 



System 

Clock 

Generator 



Standby 
Control 



i= 



rrir 



<= 



CL1 CL2 



W4 X Jl 



ALU /-*- 



=) 



f t t 

RESET Vqd Vss 



A (4) 



General Registers 



H(4) I L(4) 



Stack Pointer (6) 



Data Memory 
64 x 4-Bit RAM (|*PD750B) 



D 



tf 



W 



\ ^/ Butter \^ / 



V 



Port 
Butter 



Port 2 
Latch 
Butter 



/ — \ Port 5 

' . Latch 

\j — W Butter 



A — \ Port 6 

' > Latch 

\i — 1/ Butter 



Cn 



3 



& 



CO 



4 ) P10-P13 



P20-P23 



P20/PSTB. 
P21/PTQUT 



Absolute Maximum Ratings' 



T a = 2S°C 


Operating Temperature 


-10°Cto +70°C 


Storage Temperature 


-65°Cto +150°C 


Power Supply Voltage, Vqd 


-0.3V to +7.0V 


All Input and Output Voltages 


-0.3VtoV DD +0.3V 


Output-Current (Total, All Output Ports) 


'OH = -20mA 
Iql = 32mA 



* Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 



Capacitance 

T a = 25°C, vdd = ov 



Symbol Mfn Typ 



Test 
Conditions 



Input Capacitance 



Output Capacitance 



Input/Output 
Capacitance 



CO 



Unmeasured pins 
returned to Vg s 
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DC Characteristics 

T a = -10°Cto +70°C, V D D = 2.7V to 5.5V 



M PD7506 



Test Conditions 



V|H 



0.7 V DD 



VDD 



All Inputs Other than CL<|, Xi 



Input Voltage High 



V$H 



v DD-0.5 



Vpp 



CUi.X! 





V 'H D R 


0.9V DDdr 


V D D DR + 0.2 




RESET, Data Retention Mode 




Input Voltage Low 


V|L 





0.3 V DD 


V 


All Inputs Other than CLj, X-) 




V 





0.5 


CLi.Xl 




Input Leakage Current High 


'l'h 




3 


m a 


All Inputs Other than CL-), X 1 
0-1.*1 


V| = v DD 


'l*h 




10 




Input Leakage Current Low 


'u L 




-3 


mA 


All Inputs Other than CL 1f X 1 
CL^X! 


V| = 0V 


'l+l 




-10 




Output Voltage High 


V H 


V DD - 1.0 




V 


Vqd = 5V ± 10%, l 0H ■ -1.0mA 




V DD - 0.5 




V DD = 2.7V to 5.5V, Iqh - -100mA 




Output Voltage Low 


vol 




0.4 


V 


Vqd = 5V ± 10%, l 0L • 1.6mA 
V DD - 2.7V to 5.5V, l OL - 4<K>ttA 






0.5 




Output Leakage Current High 


'loh 




3 


ma 


v = v DD 




Output Leakage Current Low 


■lo l 




-3 


ma 


V = 0V 




Supply Voltage 


V D°DR 


2.0 




V 


Data Retention Mode 





'DDo 



Normal Operation 



Vpp = 5V ± 10% 
V D D = 3V ± 10% 



Supply Current 



'DD S 



Stop Mode, X 1 - 0V 



Vpp ■ 5V ± 10% 
Vpp = 3V ± 10% 



'DD n 



Data Retention Mode 



V DD D R ■ 20V 



AC Characteristics 

T a = -10°Cto +70°C, Vqd = 2.7Vto5.5V 






Limits 




Unit 




Parameter Symbol 


Mln 


TVp 


Mm* 


Test Conditions 



System Clock Oscillation Frequency 



R = 120 kS ± 2% 



Vpp = 5V ± 10% 
CL^ CL 2 R = 240 kC ± 2% V DD = 3V ± 10% 



Vp D = 2.7V to 5.5V 





+Ext 




10 


200 


300 




CL|, External Clock 


Vpp = 5V ± 10% 




10 




135 


V DD = 2.7V to 5.5V 


System Clock Rise and Fall Times 


ty. *H 








0.2 


MS 


CLi, External Clock 




System Clock Pulse Width 


'+W H ,t$W L 


1.5 




50 


MS 


CL-i, External Clock 


Vpp = 5V ± 10% 


3.5 




50 


V DD = 2.7V to 5.5V 




"x 




25 


32 


50 


kHz 


x 1. x 2 Crystal Oscillator 




Counter Clock Oscillation Frequency 


' x Ext 









300 


X-i , External Pulse Input 


Vpp = 5V ± 10% 









135 


Vpp = 2.7V to 5.5V 


Counter Clock Rise and Fall Times 


rx> Ifx 








0.2 


us 


X-\ , External Pulse Input 


• 


Counter Clock Pulse Width 


'xW H . 


<xW L 


1.5 






MS 


Xi , External Pulse Input 


Vpp = 5V ± 10% 


3.5 






V DD = 2.7V to 5.5V 


Port 1 Output Setup Time to P§TBt 


'P^ 




1/(2f^,-800) 
1/(2(^-2000) 






ns 


V DD = 5V ± 10% 




V DD = 2.7V to 5.5V 




Port 1 Output Hold Time after PgTBt 


PlH 




300 


350 


500 


ns 


Vpp = 5V ± 10% 




300 




1500 


V DD = 2.7V to 5.5V 




P§TB p ulse Width 


<SW L 




1/(21^,-800) 
1/(2f^,-2000) 






ns 


Vpp = 5V ± 10% 




V DD = 2.7V to 5.5V 




INT Pulse Width 


'i w H .ti w L 


10 






MS 






RESET Pulse Width 


'RW H . 


tRW L 


10 






MS 






RESET Setup Time 


'RS 











ns 






RESET Hold Time 


'RH 











ns 







E 
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MPD7506 



Timing Waveforms 

Clocks 



CM- 



\ 



tfx — 



X 



-1'Hext- 



-t+WL" 



J 



-1'»xEXT- 



-txW L - 



-«+w H - 



txW H - 



\ 



■ V+H 



— V +H 

— V +L 



Output Strobe 

P10-3 



\ 



-tPjS- 



-ISWL" 



/ 



-tPiH- 



5 



— V|H 



V|H 

— V|L 



External Interrupt 

INTO 



\ 



"•IqWl 



/ 



-ti w H - 



■V|H 
V|L 



Reset 



A, 



-tRWL - 



-tRWH 



/ \ 



V|H 
V|L 



Data Retention Mode 

VDD 



J* 



— ws— - \ 



-Data Retention Mode- 



2 . 



V|H 
V|L D ' 
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M PD7506 



Operating Characteristics 

Typical, T a = 2S°C 



Supply Current 

vs 

Supply Voltage (Note ®) 



| CL1 CL 2 | 








R 










F 


» - 120kO . 










R = 240kQ 
















Cjr_ 











Supply Current 

vs 

Supply Voltage (Note ®) 







































I X! X 2 | 




X«a,i Rl 








HDH 

C1 i x C2 














R1 = 330kQ 








C1 = 20pF 
C2 = 30pF 














X tBl » 32.768KHZ 



Supply Voltage Vdd (V) 



Supply Voltage VDD (V) 



♦ 200 



System Clock Oscillation Frequency 

vs 

Resistance 









| CL 2 CL1 


I 








u 








V DD = 5V 














^ 











100 200 

Resistance R (K ohms) 



| ISO 



System Clock Oscillation Frequency 

vs 

Supply Voltage 



I CL2 CL1 | 










u 


















R = 82kO 












R = 160kQ 





























Supply Voltage Vdd (V) 



Notes: 

® Only R/C system clock Is operating and consuming power. All other internal logic blocks are not active. 
@ Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active. 
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NEC 

NEC Electronics U5.A. Inc. 

Microcomputer Division 



/iPD7507 

M PD7508 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTERS 



Description 

The mPD7507 and the nPD7508 are pin-compatible 
CMOS 4-bit single chip microcomputers which have the 
same nPD750x architecture. 

The mPD7507 contains a 2048 x 8-bit ROM, and a 128 x 
4-bit RAM. The nPD7508 contains a 4096 x 8-bit ROM, 
and a 224 x 4-bit RAM. 

Both the /iPD7507 and the mPD7508 contain four 4-bit 
general purpose registers located outside RAM. The sub- 
routine stack is implemented in RAM for greater nesting 
depth and flexibility, providing such operations as the 
pushing and popping of register values. The nPD7507 
and the ^PD5708 typically execute 92 instructions of the 
MPD7500 series "A" instruction set with a 10/4S instruc- 
tion cycle time. 

The mPD7507 and the mPD7508 have two external and 
two internal edge-triggered hardware vectored interrupts. 
They also contain an 8-bit timer/event counter and an 
8-bit serial interface to help reduce software requirements. 

Both the mPD7507 and the mPD7508 provide 32 I/O lines 
organized into the 4-bit input/serial interface Port 0, the 
4-bit input Port 2, the 4-bit output Port 3, and the 4-bit I/O 
Ports 1 , 4, 5, 6, and 7. They are manufactured with a low 
power consumption CMOS process, allowing the use of a 
single power supply between 2.7V and 5.5V. Current con- 
sumption is less than 900/uA maximum, and can be 
lowered much further in the HALT and STOP power-down 
modes. The mPD7507 and the mPD7508 are available in 
either a 40-pin dual-in-line plastic package or in a space- 
saving 52-pin flat plastic package. 

The mPD7507 is downward compatible with the ^PD7506 
and the M PD7507S. 

Pin Configuration 



X2lZ 

pVstbC 

P21/PTOUT C 
P22C 
P23C 
P10C 
P11 
P12C 
P13C 
P3oC 
P31C 
P32C 
P33C 
P70tZ 
P71 C 
P7 2 IZ 
P73C 
RESET [_" 
CL1C 
VDDC 



C 7 



■w 



/jPD7507C 
MPD7508C 



40 z 

39 z 

38 Z 
37 Z 
36 U 
35 Zl 
34 H 
33 Zl 
32 Zl 
31 Z 
30 Z 
29 Z 
28 Z 
27 Z 
26 Z 
25 Z 
24 Z 
23 Z 
22 Z 



X1 

vss 

P43 

P42 

P4i 

P4o 

P53 

P52 

PS1 

P50 

P63 

P62 

P61 

P60 

PO3/SI 

P02/SO 

P0 1 /SCK' 

POo/INTo 

INT1 

CL 2 



ci *7 n « O cm O >- V) *t <j ■* o 
a!a!o.n.zx>x > 0. r a. z 



P10 
PH 
P12 
Pi3 

NC 
P3 
P3i 
P32 
P33 
P70 
P71 
P72 



39 38 37 36 35 34 33 32 31 30 29 28 27 



M PD7507G 
uPD7508G 



o 



7 8 9 10 11 12 13 



P41 

P4fl 

P5 3 

P5 2 

P51 

P5o 

P63 

P62 

P61 

P6o 

P03/S1 

P02/SO 

NC 



3? rJ 



o z H fe t o z 



Pin Identification 



40-Pln S2-Pln 
DIP Flat 



Symbol 



Function 



1 , 40 32, 34 X 2 , X1 Crystal clock/external event Input Port X (active 

high). A crystal oscillator circuit Is connected to 
Input Xi and output X2 for crystal clock opera- 
tion. Alternatively, external event pulses are con- 
nected to Input X1 while output X 2 Is left open 
for external event counting. 

2-5 36-39 P2o-P23 4-blt latched trl-state output Port 2 (active high). 

P2n/PSTB L,ne P2 ° ls a,so snared w,th P STB> the Port 1 
P2 id output strobe pulse (active low). Line P2-j Is also 

1' p T(jut shared with PTniiT> ,he tlmer-out F/F signal 
(active high). oul 



D 



4-blt Input/trl-state output Port 1 (active high). 
Data output to Port 1 Is strobed In synchroniza- 
tion with a P2rj/PsTB P" lse - 



10-13 46-49 



P3 -P3 3 4-blt latched trl-state output Port 3 (active high). 



14-17 50-52, 2 



P7 -P7 3 



4-blt Input/latched trl-state output Port 7 (active 
high). 



RESET Input (active high). R/C circuit or pulse 
Initializes pPD7507 or pPD7508 after power-up. 



19,21 5,9 CL 1 ,CL 2 System clock Input (active high). Connect 82kO 

resistor across CL 1 and CL2, and connect 33pF 
capacitor from CL-) to Vgg. Alternatively, an 
external clock source may be connected to CL 1 , 
whereas CL 2 Is left open. 



V D D 



Power supply positive. Apply single voltage 
ranging from 2.7V to 5.5V for proper operation. 



INTi 



External Interrupt INT-) (active high). This is a 
rising edge-triggered Interrupt. 



23-26 11,12 
15, 16 



POo/INTo 
P0 t /SCK 
P0 2 /SO 
PO3/SI 



4-blt input Port 0/Serlal I/O Interface (active high). 
This port can be configured either as a 4-blt 
parallel input port, or as the 8-blt serial I/O Inter- 
face, under control of the serial mode select 
register. The Serial Input SI (active high), Se rial 
Output SO (active low), and the Serial Clock SCK 
(active low) used for synchronizing data transfer 
comprise the 8-blt serial I/O interface. Line P0 D 
is always shared with external Interrupt INTn 
(active high) which is a rising edge-triggered 
interrupt. 
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Pin Identification (Cont.) 



40-Pin 
DIP 


52-Pln 
Flat 


Symbol 


Function 


27-30 


17-20 


P60-P63 


4-blt input/latched trl-state output Port 6 (active 
high). Individual lines can be configured either 
as Inputs or as outputs under control of the Port 
6 mode select register. 


31-34 


21-24 


P5 -P5 3 


4-blt Input/latched trl-state output Port 5 (active 
high). Can also perform 8-blt parallel I/O In con- 
junction with Port 4. 


35-38 


25, 26, 
28,30 


P4 -P4 3 


4-blt Input/latched trl-state output Port 4 (active 
high). Can also perform 8-blt parallel I/O In con- 
junction with Port 5. 


39 


31 


v S s 


Ground. 




1, 4, 6, 8, 
13, 14, 27, 29, 
35, 40, 45 


NC 


No connection. 



Absolute Maximum Ratings* 



T a = 25°C 


Operating Temperature 


-10°Cto +70°C 


Storage Temperature 


-65'Cto +150°C 


Power Supply Voltage, Vqd 


-0.3V to +7.0V 


All Input and Output Voltages 


-0.3VtoVDD +0.3V 


Output-Current (Total, All Output Ports) 


Iqh = -20mA 
Iql = 30mA 



'Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 



DC Characteristics 

T a = -10°Cto +70°C, VDD = 2.7V to 5.5V 





Symbol 




Limits 




Unit 


Tast Condition 




Parameter 


Mfn 


Typ 


Max 


s 




V|H 


0.7 V DD 




VDD 


V 


All Inputs Other than CL1, X 1 




Input Voltage High 


V *H 


v DD-0.5 




VDD 


CL^X, 






v 'Hdh 


°- 9V OD DR 




V DDdr + 0.2 


RESET, Data Retention Mode 




Input Voltage Low 


V|L 







0.3 V DD 


V 


All Inputs Other than CL-,, X 1 




V *L 







0.5 


CLl X! 




Input Leakage Current High 


'LI H 






3 


m a 


All Inputs Other than CL t , X 1 


V| = v DD 


'L+h 






10 


CLvX! 






'Ul 






-3 


m a 


All Inputs Other than CL 1t X 1 
Ch.X, 


V| = ov 


npu ea age 


Ml 






-10 




Output Voltage High 


V H 


v DD - 1.0 






V 


Vpp = 5V ± 10%, l 0H « -1.0 mA 




V DD - 0.5 






V DD = 2.7V to 5.5V, l 0H - -100 M A 




Output Voltage Low 


v 0L 






0.4 


V 


V DD - SV ± 10%, l 0L = 1.6 mA 








0.5 


V DD = 2.7V to 5.5V, l 0L « 400 mA 




Output Leakage Current High 


'LO H 






3 


pA 


V - V DD 




Output Leakage Current Low 


'lo l 






-3 


ma 


VO = ov 




Supply Voltage 


v dddr 


2.0 






V 


Data Retention Mode 





'DD 



Normal Operation 



Vpp -- 5V j 10% 
Vqd = 3V ± 10% 



Supply Current 



'DDc 



m a 



Stop Mode, X 1 = 0V 



Vpp - SV ± 10% 
V D D = 3V ± 10% 



'DDn R 



Data Retention Mode 



VDD, 



DR 



2.0V 



AC Characteristics 

T a = -10°Cto +70°C, V D D = 2.7V to 5.5V 






Limits 




Unit 




Parameter Symbol 


Mfn 


Typ 


Max 


Test Conditions 



System Clock Oscillation Frequency 



n = 120 kQ ± 2% ,, .„ ,„„ t 
C = 33 pF ± 5% V DD = 5V ± 10% 
CLj.CL* 



R = 250 kS ± 2% Vpp 
C = 33 pF ± 5% 



= 3V ± 10% 



Vpp •> 2.7V to 5.5V 





♦ext 




10 


200 


300 




CL1 , External Clock 


Vpp = 5V ± 10% 






10 




135 


V DD = 2.7V to 5.5V 


System Clock Rise and Fall Times 


r f t f+ 








0.2 


MS 


CL-), External Clock 




System Clock Pulse Width 


+W H '« 




1.5 




50 


flS 


CL1 , External Clock 


Vpp = 5V ± 10% 


frW L 


3.5 




50 


Vpp = 2.7V to 5.5V 




X 




25 


32 


50 


KHz 


X 1 , X2 Crystal Oscillator 




Counter Clock Oscillation Frequency 


x Ext 









300 


X^, External Pulse Input 


Vpp = 5V ± 10% 











135 


V DD = 2.7V to 5.5V 


Counter Clock Rise and Fall Times 


rx> tfx 








0.2 


us 


X-|, External Pulse Input 




Counter Clock Pulse Width 


xW H . 




1.5 






MS 


X-( , External Pulse Input 


Vpp = 5V ± 10% 




3.5 






Vpn = 2.7V to 5.5V 
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AC Characteristics (Cont.) 



M PD7507/7508 



Symbol 



Test Condition* 



SCK Cycle Time 



'CY* 



SCK Is an Input 



Vpp = 5V ± 10% 
V DD = 2.7V to 5.5V 



SCK Is an output 



V DD = 5V ± 10% 
V DD = 2.7V to 5.5V 



SCK Pulse Width 



«KW H ' «KW L 



SCK Is an Input 



V DD = 5V ± 10% 
Vpp = 2.7v to 5.5V 



SCK Is an output 



Vpp ■ 5V ± 10% 
V DD = 2.7V to 5.5V 



SI Setup Time to SCKt 


«IS 




300 






ns 




SI Hold Time after 3c"R"t 


'IH 




450 






ns 




SO Delay Time after SCKt 


«OD 








850 


ns 


Vpp = 5V ± 10% 






1200 


Vpp = 2.7V to 5.5V 


Port 1 Output Setup Time" to Pgfgt 


•P^ 




1/(21^-800) 






ns 


Vpp - 5V ± 10% 


1/(2f + -2000) 






Vpp > 2.7V to 5.5V 


Port 1 Output Hold Time after P§fgt 


•PjH 




300 


350 


500 


ns 


Vpp = 5V ± 10% 


300 




1500 


Vpp = 2.7V to 5.5V 


P§f| Pulse Width 


*SW L 




f/(2f + -800) 






ns 


Vpp= 5V ± 10% 


f/(2f^-2000) 






V DD = 2.7V to 5.5V 


INT Pulse Width 


•ioWh-^oW,. 


10 






MS 




INT 1 Pulse Width 


t^WH- 


»llW L 


*"♦. 






1* 




RESET Pulse Width 


«nw H . 


»RW L 


10 






MS 




RESET Setup Time 


l RS 











ns 




RESET Hold Time 


«RH 











ns 





Capacitance 

T a a 25 °C, V DD = OV 





Symbol 


Limits 




Unit 


Tost 
Conditions 


Parameter 


Mln Typ 


Mmx 


Input Capacitance 


C| 




15 


PF 


f = 1 MHz 


Output Capacitance 


Co 




15 


pF 


Unmeasured pins 


Input/Output Capacitance 


c l/0 




15 




returned to Vgg 



D 
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M PD7507/7508 



Block Diagram 



POl'SCK p0 , sl 

P0 2 /SO 

i 



INT1 INTO 



Count 

Clock 

Generator 



Clock 

-»-| Control 

Circuit 



Timer/Event 
Counter 



] | { ' ' 



Interrupt 
Controller 



NTs 



n_^n^ii 




Serial I/O 
Interlace 



n 



Program Counter 



Program Memory 

2048 X 8-Blt ROM (uPD7507) 
4096 X 8-Blt ROM ( M PD7508) 



T 

J L 



System 

Clock 

Generator 



CM CL2 



Standby 
Control 



<^> 



<~> 



V 

ALU h*- 



3 



RESET VDD VSS 



H 



A (4) 



General Registers . 



D(4) 



H(4) 



E(4) 



Stack Pointer 



Data Memory 



tt 



1 28 X 4 Bit RAM CuPD7507) V , J 

224 x 4 Bit RAM (|iPD7508J N V 






vy ^ vv 



\ Port 2 —A p 2n .p 2 - /P2o/PSTB,\ 

) Latch « > P2 0"P Z 3 (P2 1 /P T0UT J 
|V Buffer L/ \ ' 



/ \ Port 4 

. ) Latch 

\g — 1/ Buffer 



V 



Port 3 
Latch 
Buffer 



3 



P3Q-P33 



ft 



^ ^Ch 5 (V> 
\j — (/ Buffer \^ / 



A — K Porte 

' > Latch 

\|—|/ BU " er 



P60-P63 



n Port 7 / r\ 
Latch f 4 > 
Buffer VV 
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Timing Waveforms 

Clocks 



Serial Interface 



\ 



MPD7507/7508 



-1/f+ E XT- 



-t^WL" 



J 



~— t+WH" 

.1 



\ 



'xW L - 



*xW H - 



— V +H 



V +H 




Output Strobe 

P1 



1 0-3 



-tPiS- 



-tSWL" 



/ 



-tPiH" 



— V|H 

"— VlL 



V|H 



I 



External Interrupts 

INTO 



X 



"t| WL 



/ 



"t| WH" 



•V|H 



-tliWu- 



-thW H - 



/ 



V 



— V|H 
V|L 



Reset 



X 



-tRWL - 



-tRWH 



/ \ 



— V|H 
_— V|L 



Data Retention Mode 

VDD 



J 



-Data Retention Mode- 



1A 



II 
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V|H„. 



M PD7507/7508 

Operating Characteristics 
(Typical, T a = 25 °C) 



Supply Current 

vs 

Supply Voltage (Note 0) 



| CM CL 2 | 








7= 33pF 












H = 82k2 








/ 


R = 160kQ 
















TLr^ 











Supply Current 

vs 

Supply Voltage (Note ©) 



























1 10 












8 












i 

e s 

3 

u 


















| X1 X 2 | 


\ 

3, 




X,a,! R1 


2 








ci i i C2 
















R1 = 330kQ 










Ci = 20pF 
C2 = 30pF 
















Xtal = 32.768KHZ 



Supply Voltage Vqd (V) 



Supply Voltage VqD (V) 



Supply Current 

va 

System Clock Oscillation Frequency 

(Note ©) 



| CL 2 CL1 | 


VDD = s.ov 








L 


i 


;C 
t 






C = 39pF 






C = 


100pF V 


= 56pF 


.^-"""C - 2 


PF 


"^ 


^ 


S^ 

































Supply Current 

va 

System Clock Oscillation Frequency 

Note(T)) 



-. 200 
1 



1 CL 2 CM | 












; C 


VDD = 30V 


































C = 


100 pF 

C = 


>6pF C 


» 39pF 
C~=27 


»F 















100 200 300 400 500 

Oscillation Frequency f$ (KHz) 



100 200 300 400 500 

Oscillation Frequency f$ (KHz) 



Notes: 

(D Only R/C system clock is operating and consuming power. All other internal logic blocks are not active. 
(f) Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active. 
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Operating Characteristics (Cont.) 
(Typical, T a = 25 °C) 



M PD7507/7508 



♦ 200 

>. 

8 

o 

3 

a- 

£ ioo 



System Clock Oscillation Frequency 

vs 

Resistance 









| CL 2 CL1 | 








C = 33pF = 








VDD = 5V 










VDD = 3V 






T-t, 











System Clock Oscillation Frequency 

vs 

Supply Voltage 



£ 200 



I CL2 CL1 | 










lc 

T = 33pF 


















R = 82kQ 












R = 160kQ 





























100 200 

Resistance R (K ohms) 



Supply Voltage Vdd (V) 



E 
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NOTES 
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P43 


c 


v_y-- 


28 


3 


vss 


X1 


c 


2 


27 


3 


P42 


X2 


c 


3 


26 


3 


P41 


P2o 


c 


4 


25 


3 


P4 


P21/PTOUT C 


5 


24 


3 


P53 


P22 


c 


6 


23 


3 


P52 


P23 


c 


7 mPD7507S 22 


3 


P51 


P30 


c 


8 


21 


3 


P5o 


P31 


c 


9 


20 


3 


PO3/SI 


P32 


q 


10 


19 


3 


PO2/SO 


P33 


c 


11 


18 


3 


P01/SCK 


RESET 


c 


12 


17 


3 


PO0/INT0 


CL1 


c 


13 


16 


3 


INT1 


VDD 


c 


14 


15 


3 


CL 2 
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MPD7507S 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTER 



Description 

The /iPD7507S is a CMOS 4-bit single chip microcom- 
puter which has the same uPD750x architecture. 

The mPD7507S contains a 2048 x 8-bit ROM, and a 128 
x 4-bit RAM. 

The mPD7507S contains two 4-bit general purpose 
registers located outside RAM. The subroutine stack is 
implemented in RAM for greater nesting depth and flex- 
ibility, providing such operations as the pushing and 
popping of register values. The nPD7507S typically exe- 
cutes 91 instructions of the ^PD7500 series "A" instruc- 
tion set with a lO^s instruction cycle time. 

The /iPD7507S has two external and two internal edge- 
triggered hardware vectored interrupts. It also contains 
an 8-bit timer/event counter and an 8-bit serial interface 
to help reduce software requirements. 

The juPD7507S provides 20 I/O lines organized into the 
4-bit input/serial interface Port 0, the 4-bit output Port 2, 
the 4-bit output Port 3, and the 4-bit I/O Ports 4 and 5. 
It is manufactured with a low power consumption 
CMOS process, allowing the use of a single power sup- 
ply between 2.7V and 5,5V. Current consumption is 
less than 900/iA maximum, and can be lowered much 
further in the HALT and STOP power-down modes. The 
MPD7507S is available in a 28-pin dual-in-line plastic 
package. 

The MPD7507S is upward compatible with the /uPD7507, 
and downward compatible with the ^PD7506. 

Pin Configuration 



Pin Identification 



Symbol 



1,25-27 P4 -P4 3 
2, 3 X 2 , X 1 



4-7 P2 -P2 3 

P2 1 /P Tq U t 



4-blt Input/latched trl-state output Port 4 (active high). Can also 
perform 8-blt parallel I/O In conjunction with Port 5. 

Crystal clock/external event input Port X (active high). A 
crystal oscillator circuit Is connected to Input X 1 and output X 2 
for crystal clock operation. Alternatively, external event pulses 
are connected to input X^ while output X 2 Is left open for 
external event counting. 

4-blt latched trl-state output Port 2 (active high). Line P2 1 Is 
shared with Pt ht> the timer-out F/F signal (active high). 



P3 -P3 3 4-blt latched trl-state output Port 3 (active high). 



RESET 



RESET Input (active high). R/C circuit or pulse initializes 
MPD7507 or mPD7508 after power-up. 



13,15 CLi,CL 2 



V D D 
INT! 

P<yiNT 
PO^SCK 
P0 2 /SO 
PO3/SI 



System clock Input (active high). Connect 82kQ resistor 
across CLj and CL 2 , and connect 33pF capacitor from CL^ to 
Vgo. Alternatively, an external clock source may be connected 
to CL^, whereas CL 2 Is left open. 

Power supply positive. Apply single voltage ranging from 2.7V 
to 5.5V for proper operation. 

External Interrupt INT^ (active high). This Is a rising edge- 
triggered interrupt. 

4-bit input Port 0/serlal I/O interface (active high). This port 
can be configured either as a 4-blt parallel input port, or as the 
8-bit serial I/O Interface, under control of the serial mode 
select register. The Serial Input SI (a ctive high), Serial Output 
SO (active low), and the Serial Clock SCK (active low) used for 
synchronizing data transfer comprise the 8-blt serial I/O Inter- 
face. Line P0q is always shared with external Interrupt INTj 
(active high) which is a rising edge-triggered Interrupt. 



21-24 P5o-P5 3 4-bit input/latched trl-state output Port 5 (active high). Can also 
perform 8-bit parallel I/O in conjunction with Port 4. 


28 V ss Ground. 


Absolute Maximum Ratings* 


T a = 25°C 


Operating Temperature 


-10°Cto +70°C 


Storage Temperature 


-65°Cto +150°C 


Power Supply Voltage, Vqd 


-0.3V to +7.0V 


All Input and Output Voltages 


-0.3VtoV D D +0.3V 


Output-Current (Total, All Output Ports) 


Iqh = -20mA 
Iql = 30mA 




"Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 
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M PD7507S 

Block Diagram 



po^ipf po 3 /si 

P0 2 /SO 



Count 

Clock 

Generator 



Clock 
Control 
Circuit 



H 



11-BIT Program Counter 



Program Memory 
2048 X 8-BIT ROM <j<PD7507S) 



ilX 



System 

Clock 

Generator 



n 



CL1 CL2 



Standby 
Control 



INT1 INTO 

!_± 



Interrupt 
Controller 



INTs 



v !' 



Serial I/O 
Interface 



n_n:_zi 




RESET VDD VSS 



n 



A (4) 



General Registers 



DO) 



E(4) 



H(«) 



L(4) 



Stack Pointer (8) 



Data Memory 
128 ■( 8-BIT RAM ( M PD7507S) 



<= 






Porto 
Buffer K 



(w. 



^> 



A— \ Port 4 

. ) Latch 

\ — y Buffer 



\— 1/ Buffer \j — y 



A Port 3 

j Latch 

■y Buffer 



3 



£ 



PtyP2 3 
(P 2 1/P T0UT) 



P40-P43 



P50-P53 
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M PD7507S 



DC Characteristics 

T a = -10°Cto +70°C, VDD = 2.7V to 5.5V 



Teat Conditions 



Input Voltage High 



Supply Current 



0.7 V DD 



VDD 



All Inputs Other than CL-i, X 1 



v DD-0.5 



VDD 





V 'H D R 


0.9V DDdr 


V DDrJR ♦ 0.2 




RESET, Data Retention Mode 




V)L 





0.3 V DD 


V 


All Inputs Other than CL 1 , X 1 




V R 





0.5 


CLi.X, 




'"H 




3 


MA 


All Inputs Other than CL 1t X 1 V, = V DD 




'l+h 




10 


CLi. X t 


In u Leaka e Curr nt Low 


'LI L 




-3 


ma 


All Inputs Other than CL 1t X 1 V| = 0V 


ea age 


M L 




-10 


CLl X, 


Output Voltage High 


V H 


Ydd - 10 




V 


Vpp = 5V ± 10%, Iqh - -'-0 mA 


Vpp - 0.5 




V DD = 2.7V to 5.5V, Iqh - -100 pA 


Output Voltage Low 


vol 




0.4 


V 


Vpp = 5V ± 10%, l 0L ■ 1.6 mA 




0.5 


V DD = 2.7V to 5.5V, l 0L - 400 mA 


Output Leakage Current High 


'lo h 




3 


MA 


v = v DD 


Output Leakage Current Low 


■lo l 




-3 


ma 


V = OV 


Supply Voltage 


V D°DR 


2.0 




V 


Data Retention Mode 



Normal Operation 



Vpp = 5V ± 10% 
Vpp = 3V ± 10% 



'DD S 



MA 



Stop Mode, Xi = 0V 



Vpp = 5V ± 10% 
Vpp = 3V ± 10 % 



"dddr 



Data Retention Mode 



V DD D R - 20V 



AC Characteristics 

T a = -10°Cto +70°C, V D D = 2.7V to 5.5V 



Symbol 



Typ 



Tost Conditions 




200 



280 



System Clock Oscillation Frequency 



100 



130 



180 



200 



300 



R = 82 kQ ± 2% ,, ... ..„„, 

CL 1lC L, C = 33 P F ± 5% VPD = 5V±1°* 

R/C Clock R = 160 kQ ± 2 % Vpp = 3V ± 10% 

C = 33 pF ± 5% Vpp = 2.7V to 5.5V 



CL-|, External Clock 



SCK Cycle Time 



'CY K 



SCK Is an Input 



SCK Is an output 



Vpp = 5V ± 10% 
V DD = 2.7V to 5.5V 



System Clock Rise and Fall Times 


ty, ty 








0.2 


MS 


CLj, External Clock 




System Clock Pulso Width 


HW H ' 


Hw L 


1.5 




50 


MS 


CL-(, External Clock 


Vpp = 5V ± 10% 


3.5 




50 


V DD = 2.7V to 5.5V 




f x 




25 


32 


50 


KHz 


X 1 , X 2 Crystal Oscillator 




Counter Clock Oscillation Frequency 


'"Ext 









300 


Xf , External Pulse Input 


Vpp = 5V ± 10% 









135 


V DD = 2.7V to 5.5V 


Counter Clock Rise and Fall Times 


•rx' *fx 








0.2 


MS 


X-j , External Pulse Input 




Counter Clock Pulse Width 


«xW H . 


l xW L 


1.5 






MS 


X^ , External Pulse Input 


Vpp - 5V ± 10% 


3.5 






V DD = 2.7V to 5.5V 



Vpp = 5V ± 10% 
V DD = 2.7V to 5.5V 



Vpp = 5V ± 10% 



VDP 



: 2.7V to 5.5V 

. 5V ± 10% 



SCK Pulse Width 



«KW H . J KW L 



SCK is an input 



SCK is an output 
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vpp 



V DD = 2.7V to 5.5V 



m 5V ± 10% 

V DD = 2.7V to 5.5V 



SI Setup Time to SCRt 


<IS 


300 




ns 




SI Hold Time alter SCKt 


«IH 


450 




ns 




SO Delay Time after SCK* 


'OD 




850 


ns 


Vpp = 5V ± 10% 




1200 


Vpp = 2.7V to 5.5V 


INT Pulse Width 


t|„W H . «I W L 


10 




MS 




INT 1 Pulse Width 


'•iWh- 'IiWl 


2 "t 




MS 




RESET Pulse Width 


«RW H . «RW L 


10 




MS 




RESET Setup Time 


'rs 







ns 




RESET Hold Time 


*RH 







ns 





M PD7507S 

Capacitance 

T a = 25°C, V DD = OV 





Symbol 


Limits 


Unit 


Test 


Parameter 


Mln Typ Max 


Conditions 


Input Capacitance 


C| 


15 


PF 


f = 1 MHz 


Output Capacitance 


c 


15 


PF 


Unmeasured pins 


Input/Output Capacitance 


C|/0 


15 




returned to Vgg 



Timing Waveforms 

Clocks 



CM. 



\ 



«tx— 



\ 



-1'Hext- 



-Hw L - 



J 



-txW L 



-«+w H - 



-«xWh ■ 



\ 



V,|,H 



■ V+H 



Serial Interlace 

S"£R 



\ 



-1CY K - 



-tKW|_- 



/ 



-tKW H - 



C Valid \ 

Input Data ) ' 



-*CD- 



X. 



Valid Output Data 



X, 



X 



— V|H 

— V|L 



— V|H 

— VlL 



"— V|H 
_— V|L 



External Interrupts 

INTO 



\ 



~t| WL " 



/ 



-tloW H " 



— V|H 

— V|L 



X 



-thW L - 



/ 



-tHWH- 



\ 



— V|H 

— V|L 



Reset 



\ 



-IRWl - 



/ 



-tRW H ■ 



\ 



— V|H 
_— V|L 



Data Retention Mode 

VDD 



— «RS — \ 



-Data Retention Mode - 



t- 
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_ V M 
— ^D DR 

V IL 



Operating Characteristics 
(Typical, T„ = 25 °C) 



M PD7507S 



Supply Current 

vs 

Supply Voltage (Note (T)) 



| CL1 CL 2 | 

R lc 
T= 33pF 


















R = 82kS 










R = 160kS 
















%t- 











Supply Current 

vs 

Supply Voltage (Note @) 







































| X! X 2 | 


XtalT 1 

hdh 

C1 i yC 2 

R1 = 330kS 
Cl = 20pF 








— »! — 






C2 
x tal 


= 30pF 

= 32.768 KHz 



Supply Voltage Vdd (V) 



Supply Voltage Vdd (V) 



Supply Current 

vs 

System Clock Oscillation Frequency 

(Note ©) 



Supply Current 



| CL2 CL1 | 


vdd = 5.ov 








1 


: C 
r 






C = 39pF 






C = 


100pF U 


= 56pF 


^-""C = 2 


pF 


^ 


A 


1^^ 







































System Clock Oscillation Frequency 
(Note 0) 






I CL 2 CL1 | 










250 


Ly 
















: C 


vdd = 3.ov 








200 
150 


l, 


f 






















100 




C = 


100 pF 

c = 


i6pF ^ 


= 39pF 


>F 

















100 200 300 400 500 

Oscillation Frequency f$ (KHz) 



200 300 400 

Oscillation Frequency f$ (KHz) 



Notes: 

(j) Only R/C system clock is operating and consuming power. All other internal logic blocks are not active. 
(§) Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active. 
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M PD7507S 

Operating Characteristics (Cont.) 
(Typical, T a = 25 °C) 



System Clock Oscillation Frequency 

vs 

Resistance 









| CL2 CM | 








C - 33pF i 
m 








VDD = 5V 










VDD = 3V 






t-,, 











System Clock Oscillation Frequency 

vs 

Supply Voltage 



| CL2 CL1 | 










1c 

T = 33pF 


















R = 82kQ 












R = 160kQ 





























100 200 

Resistance R (K ohms) 



Supply Voltage Vqd (V) 
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NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



M PD7508A 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTER WITH VACUUM 

FLUORESCENT DISPLAY DRIVE 

CAPABILITY 



Description 

The ^PD7508A is a CMOS 4-bit single chip microcom- 
puter which has the fiPD750x architecture. It is identical 
to the nPD7508, except for a slightly smaller RAM, and 
16 lines of vacuum fluorescent display drive capability. 
The mPD7508A contains a 4096 x 8-bit ROM, and a 208 
x 4-bit RAM. 

The /iPD7508A contains four 4-bit general purpose 
registers located outside RAM. The subroutine stack is 
implemented in RAM for greater nesting depth and flex- 
ibility, providing such operations as the pushing and 
popping of register values. The ^PD7508A typically ex- 
ecutes 92 instructions of the ^PD7500 series "A" in- 
struction set with a 1 0/ns instruction cycle time. 
The /4PD7508A has two external and two internal edge- 
triggered hardware vectored interrupts. It also contains 
an 8-bit timer/event counter and an 8-bit serial interface 
to help reduce software requirements. 
The p<PD7508A provides 32 I/O lines organized into the 
4-bit input/serial interface Port 0, the 4-bit output Port 2, 
the 4-bit output Port 3, and the 4-bit I/O Ports 1 , 4, 5, 6, 
and 7. Ports 3, 4, 5, and 6 are capable of being pulled 
to -35V in order to drive vacuum fluorescent displays 
directly. It is manufactured with a low power consump- 
tion CMOS process, allowing the use of a single power 
supply between 2.7V and 5.5V. Current consumption is 
less than 900nA maximum, and can be lowered much 
further in the HALT and STOP power-down modes. The 
jiPD7508A is available in a 40-pin dual-in-line plastic 
package. 

Pin Configuration 



Pin Names 



40-Pln 
DIP 



31-34 
35-38 



Symbol 



Function 



X2, X-( Crystal clock external event input Port X (active high). A crystal 

oscillator circuit is connected to Input X-j and output %2 ' or 
crystal clock operation. Alternatively, external event pulses are 
connected to input X, while output X2 Is left open for external 
event counting. 
P2 -P2 3 4-bit latched tristate output Port 2 (active high). Line P2 is 

P2nP§Tn a ' s0 snare( * w 'th PsTB' tne P° rt ' output strobe pulse (active 

p low). Line P2 1 is also shared with Pj r ,„, the timer out F/F 

1 T OUT signal (active high). 



'OUT' 



6-9 PI0-PI3 

10-13 P3 -P3 3 



4-blt Input/tristate output Port 1 (active high). Data output to 
Port 1 Is strobed In synchronization with a P2n/PsTB P ulse 
4-bit latched tristate output Port 3 (active high). 



14-17 P7 - p7 3 4-blt Input/latched tristate output Port 7 (active high). 



RESET 



RESET input (active high). R/C circuit < 
MPD7507 or nPD7508 after power-up. 



' pulse initializes 



19,21 0.^0.2 



INT, 

P<yiNT 
PtySCK 
P0 2 /SO 
PO3/SI 



27-30 P6 -P6 3 



P5 -P5 3 
P-»0"P4 3 



System clock input (active high). Connect 82kQ resistor across 
CL-| and CL2, and connect 33 pF capacitor from CL, to Vgg. 
Alternatively, an external clock source may be connected to 
CL-|, whereas CL2 is left open. 

Power supply positive. Apply single voltage ranging from 2.7V 
to 5.5V for proper operation. 

External Interrupt INT, (active high). This is a rising edge- 
triggered interrupt. 

4-bit input Port 0/serlal I/O interface (active high). This port can 
be configured either as a 4-bit parallel Input port, or as the 8-bit 
serial I/O Interface, under control of the serial mode select 
register. The Serial Input SI (active high). Serial Output SO 
(active low), and the Serial Clock SCK (active low) used for syn- 
chronizing data transfer comprise the 8-bit serial I/O Interface. 
Line P0q Is always shared with external interrupt INTq (active 
high) which is a rising edge-triggered Interrupt. 
4-bit input/latched tristate output Port 6 (active high). Individual 
lines can be configured either as Inputs or as outputs under 

control of the Port 6 mode select register. 

4-bit input/latched tristate output Port 5 (active high). Can also 
perform 8-bit parallel I/O conjunction with Port 4. 
4-blt Input/latched tristate output Port 4 (active high). Can also 
perform 8-blt parallel I/O in conjunction with Port 5. 



E 



X2C 




^ 40 


]x, 


P2 /PSTB C 


2 


39 


3 v S s 


P21/PTOUT C 


3 


38 


3 P43 


P22 C 


4 


37 


3 P4 2 


P23 C 


5 


36 


3 P41 


P10 c 


6 


35 


3 P<0 


P11 c 




34 


3 P53 


P12C 


8 


33 


3 P52 


P13 c 


9 


32 


3 P5l 


P30 C 
P31 C 


10 


M PD7508A *; 


3 P50 
3 P63 


P32 C 


12 


29 


3 P62 


P33 C 


13 


28 


3 p 6i 


P70 C 


14 


27 


3 peo 


P71 C 


15 


26 


3 p<>3/si 


P72 LZ 


16 


25 


3 P02/SO 


P73 C 




24 


J PO^SCK 


RESET C 


18 


23 


3 PO0/INT0 


CL1 C 


19 


22 


3 inti 


VDD C 


20 


21 


DCL2 



Absolute Maximum Ratings* 



T a = 25°C 



Operating Temperature 



-10°Cto +70-C 



Storage Temperature 



-65°Cto +150°C 



Power Supply Voltage, Vqd 



-0.3V to +7.0V 



Input Voltages, Ports 4, 5, and 6 (Vqd - 40.0)V to (Vqd + 0-3)V 



All Other Input Ports 



-0.3VtoVDD +0.3V 



Output Voltages, Ports 3, 4, 5, and 6 (Vqd - 40.0)Vto(VoD + 0.3)V 



All Other Output Ports 



-0.3VtoVoD +0-3V 



Output-Current (Total, All Output Ports) 



lOH = -150mA 
'OL = 50mA 



*Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
Rev/1 device reliability. 
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M PD7508A 

Block Diagram 



P01/SCK p03/s| 

P02/SO 

1 



LA 



INTi INTO 



Count 

Clock 

Generator 



Clock 
Control 
Circuit 



H 



Program Counter 



Program Memory 
4096 x 8-Blt ROM (pPD7508A) 



£_L 



System 

Clock 

Generator 



TT 

CL1 CL2 



Standby 
Control 



Timer/Event 
Counter 



Serial I/O 
Interface 



ririr 



"V 



t t l 

RESET VDD VSS 



H 



A (4) 



General Registers 



D(4) 




E(4) 


H(4) 




L(4) 


Stack Pointer 


Data Memory 
208 x 4-Bit R.AM (mPD7508A) 






A^y 



O 



: Ca> pi ° 



\ Port 2 \ 

) Latch ) 

I J Buffer J 



\ j/ Buffer \j / 

ft 



V 



Port 3 
Latch 
Buffer 



A> 



P20/PSTB. 
P21/PTQUT 



P3Q-P33 



C^ 

a 



Port 5 
Latch 
Buffer 



Port 6 
Latch 
Buffer 



t) 



P50-P53 



P60-P63 



A — \ Port 7 A — \ 

[ , Latch ( 4 > 

VV Buffer \ ( __ ( / 
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M PD7508A 



DC Characteristics 

T a = -10°Cto +70°C, V D D = 2.7V to 5.5V 





Symbol 






UmHs 




Unit 


Taat CondKlona 




Parameter 


M/ii 


Tjrp 


Max 






V|H 


0.7 V DD 




V DD 


V 


All Inputs Other than CL 1 , X 1 






Input Voltage High 


V*H 


Vdd- 


0.5 




VDD 


CLi.Xi 








V 'H D R 


0.9V DDdr 




V D D DR + 0.2 


RESET, Data Retention Mode 








V 'L1 









0.3V OD 


V 


All Inputs Other than CL,, X 1 , Porta 4, 5, 


and 6 




Input Voltage Low 


V|L 2 


Vdd- 


- 35.0 




0.3V DD 


Porta 4, 5, and 6 








% 









0.5 


CLl X, 








l LIH 1 








3 


ma 


All Inputs Other than CL 1? X 1 , Porta 4, 5, 


and 6 


V| - v DD 


Input Leakage Current High 


<LIH 2 








60 


Porta 4, 5, and 6, 
CM, X t 




V| - v DD 




>L*H 








10 






, LIL 1 








-3 


ma 


All Inputs Other than CLj, Xj 




V, - ov 


Input Leakage Current Low 


>LIL 2 








-30 


, Ports 4, 5, and 6, 
CLt.X! 




V| - -30.0V 




'L+L 








-10 




Output Voltage High 


VOH 


Vdd- 


■1.0 






V 


V DD - 5V ± 10%, l 0H > -1.0mA 
V DD = 2.7V to 5.5V, Iqh - -100mA 






Vpp- 


-0.5 








Output Voltage Low 


VOL 








0.4 


V 


Vqd » 5V ± 10%, l OL - 1.6mA 
V DD . 2.7V to 5.5V, l 0L > 400mA 












0.5 




Output Leakage Current High 


'loh. 








3 


ma 


v = v DD 

Ports 3, 4, 5, and 6, 








■loh 2 








30 


V - -30V 


Output Leakage Current Low 


'LOL 2 








-3 


1* 


v -ov 

Ports 3, 4, 5, and 6, 








■lol 2 








-30 


V ■ -30V 


Supply Voltage 


v d°dr 


2.0 








V 


Data Retention Mode 







'DD r 



Normal Operation 



Supply Current 



'DDe 



mA Stop Mode, X 1 > 0V 



'DD r 



Data Retention Mode, Vp D - 2.0V 



Vpp - 5V ± 10% 
VQD - 3V t 10% 



Vpp » 5V t 10* 
Vpp - 3V ± 10% 



o 



Capacitance 

T a = 25°C, Vdd = ov 



Parameter Symbol Mln Typ Mmx Unit 



Test 
Conditions 



Input Capacitance 



Output Capacitance , Cq 



Input/Output 
Capacitance 



c l/0 



20 pF f > 1MHz, 



20 pF 



Unmeasured pins 
returned to Vgg 
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MPD7508A 



AC Characteristics 

T a = - 10°C to + 70°C, V DD = 2.7V to S.5V 



Symbol 



Typ 



Tost Condition* 



R ■ 82kQ ± 2% 
C = 33pF ± 5% 



Vqd = 5V ± 10% 



System Clock Oscillation Frequency 



CL, 


CL 2 


R 


= 160kQ 


±2% 


v D d = 3V 


± 10% 


R/C Clock 


C 


- 33pF 


b 5% 


v DD » 2 7V *° 55V 





+Ext 




10 


200 


300 




CL,, v dd = 

External 

Clock V DD « 


5V ± 10% 
2.7V to 5.5V 






10 




131. 




System Clock Rise and Fall Times 


*rf «f* 








0.2 


MS 


CL-), External Clock 








System Clock Pulse Width 


^w H .«+w L 


1.5 




50 


MS 


CL 1f V DD - 


5V 


± 10% 




3.5 




50 


clock Vdd ■ 


2.7V to 5.5V 






*x 




25 


32 


50 


KHz 


X-), X 2 Crystal Oscillator 








Counter Clock Oscillation Frequency 


'"Ext 









300 


Xj, External Pulse Input 






V D D = 5V ± 10% 









13D 


Vdd = 27V *° 55v 


Counter Clock Rise and Fall Times 


'rx> 'fx 








0.2 


MS 


X^ , External Pulse Input 








Counter Clock Pulse Width 


«xW H ' 


xWi 


1.5 






MS 


X 1 , External Pulse Input 






Vdd = sv ± 10% 



= 2.7V to 5.5V 



Vdd ■ 5V ± 10% 



SCK Cycle Time 



«CV k 



V D D » 27V to 5.5V 



Vdd ■ »v ± 10% 



V DD » 2.7V to 5.5V 



Vdd » sv ± 10% 



SCK Pulse Width 



«KW H . *KW L 



V D d = 2 -7V to 5.5V 



v D d - w ± 10% 



output 



V DD - 2.7V to 5.5V 



SI Setup Time to SCKt 


•is 


300 




ns 




SI Hold Time after SCKt 


•IH 


450 




ns 




SO Delay Time after SCKt 


•OD 




850 


ns 


V D D = 5V ± 




1200 


Vqd = 2.7V to 5.5V 



Port 1 Output Setup Time to PsTB* 



'PiS 



1/<2f$- 
800) 



V DD = 5V ± 10% 





-i- 13 


1/(2 V 
2000) 








V DD = 2.7V to 5.5V 


Port 1 Output Hold Time after PgjB' 


•PtH 


300 


350 


500 


ns 


Vdd = 5V ± 10% 


300 




1500 


v D d = 2 - 7V t0 5SV 



P STB p ulse Width 



«SW L 



1/(2f + - 
800) 



Vdd = sv ± 10% 



1/<2f$- 
2000) 



V D D = 27V to 5.5V 



INT Pulse Width 


t| W H ' «i w L 


10 


MS 


INT 1 Pulse Width 


''iWh 1 ''iWl 


\ 


MS 


RESET Pulse Width 


*RW H > «RW L 


10 


MS 


RESET Setup Time 


«RS 





ns 


RESET Hold Time 


«RH 





ns 
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Timing Waveforms 

Clocks 



CL1- 



"1. 



Serial Interface 

S5R- 



.«!* — 



\ 



«fx — 



\ 



-1'Hext- 



-t+WL" 



J 



— t+WH" 



V 



l xW L - 



«xW„- 



1 



-tCY K 



M PD7508A 



— V + H 

— V* L 



V +H 




Output Strobe 

pio-3 



\ 



-tPlS" 



"tSWL" 



/ 



-tPlH" 



5 



VlH 



V|H 



External Interrupts 

INTO 



\ 



"«iow L ■ 



/ 



^IoWh " 



VlH 

— Viu 



\ 



-II1WL- 



-tliW H - 



r \ 



— VlH 
V|L 



Reset 



\ 



-tRWL - 



/ 



-tRWH ' 



\ 



V|H 

_— VlL 



Data Retention Mode 

VDD 



— tns— \ 



-Data Retention Mode- 



iA 



lr- 



_V, H 
— JjDD D „ 

- V, L DR 
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M PD7508A 



Operating Characteristics 

Typical, T a = 28 e C 



Supply Current 

vs 

Supply Voltage (Not* ©) 



I 



I 50 



| CL1 CL 2 | 








R lc 
T= 33pF 












R = 82kQ 










R = leOkQ 
















t 











s 10 



Supply Current 

vs 

Supply Voltage (Note ®) 







































| X1 X 2 | 




Rl 










Xtal i 








HDH 

C1 i -, C2 
fir m 














R1 = 330kg 








Ci = 20pF 
C2 = 30pF 














X, a j = 32.76SKHZ 



Supply Voltage VdD (V) 



Supply Voltage Vdd (V) 



Supply Current 











System Clock Oscillation Frequency 
(Note ©) 






| CL.2 CL1 | 


vdd ■ 5.ov 




















* 


: C 










200 


i 


r 






C * 3SpF 






C > 100pF c = »«^ 






150 
100 
50 


^ 


& 


s^* 




^^C » 2 


pF 















Supply Current 

vs 

System Clock Oscillation Frequency 

(Note ©) 



— 200 

1 



1 CL2 CL.1 | 














Vdd = 3.ov 


































c = 


100 pF 

c = 


>6pF C 


» 39pF 
— -"""c"=27 


>F 















100 200 300 400 

Oscillation Frequency f+ (KHz) 



100 200 300 400 500 

Oscillation Frequency f$ (KHz) 



Notes: 

(3) Only R/C system clock is operating and consuming power. All other internal logic blocks are not active. 
(§) Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active. 
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Operating Characteristics (Cont.j 

Typical, T a = 25 °C 



M PD7508A 



"X 200 



System Clock Oscillation Frequency 

vs 

Resistance 









j CL2 CL1 | 








C = 33pF i 








VDD = 5V 










Vdd = 3V 






Ut ■ 











50 100 200 

Resistance R (K ohms) 



System Clock Oscillation Frequency 

vs 

Supply Voltage 





I CL2 CL1 | 






























Lc 

f = 33pF 










-E 1 


m 










* 








-"" 


R = 82kS 




* 














c 














£ 














c 
o 

12 

I 100 

o 










R = 160kS 




so 















Supply Voltage Vdd (V) 
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NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



M PD7519 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTER WITH VACUUM 

FLUORESCENT DISPLAY 

CONTROLLER/DRIVER 



Description 

The /iPD7519 is a CMOS 4-bit single chip microcom- 
puter which has the mPD750x architecture. 

The mPD7519 contains a 4096 x 8-bit ROM, and a 256 x 
4-bit RAM. 

The ^PD7519 contains four 4-bit general purpose 
registers located outside RAM. The subroutine stack is 
implemented in RAM for greater nesting depth and flex- 
ibility, providing such operations as the pushing and 
popping of register values. The ^PD7519 typically exe- 
cutes 92 instructions of the mPD7500 series "A" 
instruction set with a 10/ws instruction cycle time. 
The mPD7519 has two external and two internal edge- . 
triggered hardware vectored interrupts. They also con- 
tain an 8-bit timer/event counter, an 8-bit serial inter- 
face, and a 9-bit D/A programmable pulse generator, to 
help reduce software requirements. The on-board 
vacuum fluorescent display controller/driver supervises 
all of the timing required by the 24 Port S segment 
drivers either for a 16-digit 7-segment vacuum fluores- 
cent display, or for an 8-character 14-segment vacuum 
fluorescent display. 

The /<jPD7519 provides 28 I/O lines organized into 
the 4-bit input/serial interface Port 0, the 4-bit output 
Port 2, the 4-bit output Port 3, and the 4-bit I/O Ports 1 , 
4, 5, and 6. Additionally, Port 1 can be automatically 
expanded to 16 I/O lines through connection to a 
MPD82C43. The mPD7519 is manufactured with a low 
power consumption CMOS process, allowing the use of 
a single power supply between 2.7V and 5.5V. Current 
consumption is less than 900><A maximum, and can be 
lowered much further in the HALT and STOP power- 
down modes. The ^PD7519 is available in a space- 
saving 64-pin flat plastic package. 

Pin Configuration 



Pin Names 




PIN » SYMBOL 


FUNCTION 


NC 


No Connection. 


P3 3 -P3 


4-bit latched trlstate output Port 3 (active high). 



P0 3 /Sl 
P0 2 /SO 
PO^SCK 
P0 o /INT 



P6 3 -P6 



P5 3 -P5 



P4 3 -P4 



X2.X1 



V S S 



4-blt Input Port 0/serlal I/O Interface (active high). This port 
can be configured either as a parallel Input port, or as the 
8-blt serial I/O Interface, under control of the serial mode 
select register. The Serial Input SI (ac tive high), Serial Output 
SO (active high), and the Serial Clock SCK (active low) used 
for synchronizing data transfer comprise the 8-bit serial I/O 
Interface. Line P0q Is always shared with external Interrupt 
INTg, which Is a rising edge-triggered Interrupt. 
4-bit input/latched trlstate output Port 6 (active high). Indi- 
vidual lines can be configured either as Inputs or as outputs 
under control of the Port 6 mode select register. 
4-blt Input/latched trlstate output Port 5 (active high). Can 
also perform B-blt parallel I/O In conjunction with Port 4. 
4-blt Input/latched trlstate output Port 4 (active high). Can 
also perform 8-blt parallel I/O In conjunction with Port 5. 



Crystal clock Input (active high). A crystal oscillator circuit is 
connected to Input X1 and output X 2 for system clock opera- 
tion. Alternatively, an external clock source may be con- 
nected to Input X 1 while output X 2 Is left open. 
Ground. 



Vqq Power supply positive. Apply single voltage ranging from 
2.7V to S.5V for proper op eration. 

INTf External Interrupt INTi (active high). This Is a rising edge- 
triggered Interrupt. 

RESET RESET input (active high). R/C circuit or pulse Initializes 

(iPD7502 or mPD7503 after power-up. 

PI3-PI0 4-blt Input/latched trlstate output Port 1 (active high). 

P2 3 -P2 4-blt latched output Port 2 (active high). Line P2 is also 

P2 u 7PeTB shared with Psfl' " 10 Port 1 output strobe pulse (active 

p 2 ._ low). Line P2-) is also shared with Pt/mjt' ,he " mer " ou ' F/F 
1 T OUT signal (active high). 




PPG 



1-bit programmable pulse generator output (active high). 



Event 



1-blt external event Input for timer/event counter (active 
high). 



VVFD 



S -S 7 

S 8 /T 8 -S 15 /T 15 

T0-T7 



Vacuum fluorescent display power supply negative. Apply 
single voltage between Vqq 35.0 and Vprj for proper 
display operation. 

Vacuum fluorescent display outputs (active high). S0-S7 are 
always segment driver outputs, and Tg-Ty are always digit 
driver outputs. Sg/Ts-S^/T^ can be configured as either 
segment driver outputs or as digit driver outputs under con- 
trol of the display mode select register. 



nnnnnflnflnflnflnnnnnnnOniynnnnnyi 
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) 
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MPD7519 
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as 
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M PD7519 

Block Diagram 



Clock 
Selector 



u 



12-Blt Program Counter 



<Jl 



Program Memory 
4096 x 8-Blt ROM ( H PD7419) 



P02/SO 



PO3/SI 



P01/SCK i 



Timer/Event 
Counter 



INT1 PO0/INT0 

±_J: 



INTs 



:' !' 



Serial I/O 
Interface 



ITII ^ 



X1 X 2 



ALU 



H 



A (4) 



General Registers 



D(4) 



E(4) 



Stack Pointer 



Data Memory 
2SI> x 4-Blt RAM (mPD7519) 



Standby 
Control 


Clock 
Generator 


Programmable 

Pulse 

Generator 




t 




I 



Vacuum Fluorescent Display 
Controller/Driver 



PPG RESET Vss Vqd VvFD S0-S7 

S8/T8-S15/T15 
T0-T7 



w 
vV 



PortO 
Buffer 



' \ Port 1 

\— ] / Buffer 



y 4 ) P10-P13 



A Port 2 

N Latch 
Buffer 



4 \ P20-P23 

* D9ft/Dern 



P20/PSTB, 
P21/PTQUT 



/ \ Port 4 A \ 

, ) Latch 1 4 \ 
\ (/ Buffer \j / 



3 



P4Q-P43 



/ \ Port 5 

' . Latch 

\j — |/ Buffer 



® 






Port 6 
Latch 
Buffer 



CO 
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SEC 

NEC Electronics U.S. A. Inc. 

Microcomputer Division 



M PD7520 

4-BIT SINGLE CHIP 

MICROCOMPUTER WITH LED DISPLAY 

CONTROLLER/DRIVER 



Description 

The jiPD7520 is a low-cost 4-bit single chip microcom- 
puter which shares the 4th generation architecture of 
the ^PD7500 series of CMOS 4-bit microcomputers. It 
contains a 768 x 8-bit ROM and a 48 x 4-bit RAM. It 
has a 2-level subroutine stack, and executes a 47- 
instruction subset of the mPD7500 series instruction set. 
The /*PD7520 provides 24 I/O lines, organized into the 
4-bit input Port i , the 4-bit I/O Port 4, the 2-bit output 
Port 3, the 8-bit Output Port S, and the 6-bit output Port 
T. Ports S and T are controlled by the on-board pro- 
grammable LED display controller/driver hardware logic 
block, which automatically directly drives either static or 
multiplexed common-anode 7-segment LEO displays 
totally transparent to program execution. The ^PD7520 
is manufactured with a low-power consumption PMOS 
process, allowing use of a single power supply between 
-6V and - 10V, and is available in a 28-pin dual-in-line 
plastic package. 

Pin Configuration 



Pin Names 



"iC 


1 


^^r~ 


28 


3 CLK 


P3 C 


2 




27 


3 RESET 


P1aC 


3 




26 


3 Vqq 


P12C 


4 




25 


DSq 


"1C 


5 




24 


3s 4 


P1oC 


6 




23 


3^ 


P«3C 
P4 2 C 


7 
8 


MPD 
7520 


22 
21 


l3 5 
D S 2 


P«1 C 


9 




20 


D S 6 


P«oC 


10 




19 


■J S3 


T sC 


11 




18 


3 s ? 


T 4 rH 


12 




17 


3 T 


T3G 


13 




16 


3 T * 


v ss[^ 


14 




IS 


^T 2 



So-S 7 


Segment Drive Output Port S 


T -T S 


Digit Drive Output Port T 


P10-P13 


Input Port 1 


P3 -P3, 


Output PoTt 3 


P4 -P4 3 


Input/Output Port 4 


CLK 


Clock Input 


RESET 


Reset 


Vqq 


Power Supply Negative 


Vgs 


Ground 



Further details on device operation can be found in the 
^PD7520 4-Bit Single Chip Microcomputer Technical 
Manual. 



Absolute Maximum Ratings* 



T a = 2S°C 


Operating Temperature 


-10°Cto +70°C 


Storage Temperature 


-65°Cto +1S0°C 


Supply Voltage, Vqg 


-15V to +0.3V 


Input Voltages 


-15V to +0.3V 


Output Voltages 


-15Vto +0.3V 


Output Current 0OH Total) 


-100mA 


(lOL Total) 


90mA 



'Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 



O 
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Block Diagram 



2-Level Stack 

r'v 



C 






10-Blt Program Counter 



i-> 



768 x 8-Bit 
Program Memory 



VGG 
VSS 



<^ 



_ 



\SJ 



} 



Initructlon 
Decoder/ 
Controller 



Clock 
Generator 



V\/ 



(2) 



Lz. 



(X 



48x4-Blt 
Data Memory I * h 



r 




H 



P1f>3 



\ Latched \ 

) Output 2 > P30- 
• Buffer V 



CO 



In/Out 
Latched 
Buffer 



F^ 



CO 
CD 



P40-1 



P42-3 



LED Display Controller/Driver 



B u 



So-7 



T6-7 
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DC Characteristics 

T a = -10°Cto + 70»C, Vqq = -6Vto - 10V, V S S = 0V 



Output Current High 





•ymbol 




limits 




Unit 




Parameter 


Mln 


Typ 


Max 


Toot Conditions 




V|H 






-2.0 


V 


1 Vqq - -»V ± IV 

Ports 1, 4, RESET — 22 








-1.8 


Vqq = -8Vto -10V 


Input Voltage Low 


V|L 


Vqq + i.s 






V 


- — r V GQ =-9V ± 1V 


Vqq + 0.8 






Vqq = -BVto -10V 


Clock Voltage High 


V+H 






-0.8 


V 


CLK, External Clock 


Clock Voltage Low 


V +L 


-5.0 






V 


CLK, External Clock 




>IH 


45 




200 


«A 


■ _«■««■ V I .0V,VQQ=-9V ± 1V 




40 




200 


V| . 0V, Vqq = -6V to -10V 


Input Leakage Current High 


'lih 






+ 5 


KA 


Port 4, V| - 0V 


Input Leakage Current Low 


'LILi 






-5 


ma 


Port 1, RESET, V| - -10V, Vqq = -10V 


'lil 2 






-5 


ma 


Port 4, V| - -10V 


Clock Current High 


'$H 






0.5 


mA 


CLK, External Clock, V tH - 0V, Vqq - -9V ± 1V 


Clock Current Low 


'♦L 






-2.1 


ItlA 


CLK, External Clock, V +L . -5V, Vqq = -9V ± 1V 


Output Voltage Low 


Vol 


Vqq + 0.6 






V 


Port 3, No Load 



'OHf 



Port 3, 



V - -1.0V, Vqq - -9V ± 1V 
V . -1.0V, Vqq = -6V 





-2.0 






Port 4, 


V » -1.0V, Vqq = -9V ± 1V 




-1.2 






V . -1.0V, Vqq - -6V 




-5 


-10 




Ports, 


V = -2.0V, Vqq » -9V ± 1V 


'OH 3 


-3 


-6 


mA 


V - -2.0V, Vqq = -6V 




-1 


-3 




V . -1.0V, Vqq = -6Vto -10V 



'OH 4 



V . -2.0V, Vqq = -9V ± 1V 



VO 



-1.0V, VQG » -9V ± 1V 



Vq = -1.0V, VQQ = -6V 



Output Current Low 



Supply Current 



'OL! 



VQ - VQQ + 1.5V, VGG - -9V ± 1V(D 
V Q = -4.5V, Vqq = -6V© 



'OL. 



Ports, 



Vo = VQQ + 5.0V, Vqq = -9V ±1V 





U SI 


1.0 


2.0 






VO = VQQ + 3.5V, Vqq . 


-6Vto -10V 


Output Leakage Current High 


■loh 






+ 5 


ma 


Ports 4, T, V Q = 0V 






•lOL} 






-5.0 


ma 


PortT, V = -10V 






■lol 2 






-5.0 


Port 3, V = Vqq 





Q 



-5® 



Notesi 

(T) Current within 2.5 ms after turning to the low level (T a = 25°C). 
® T a = 25°C, Vqq = -9V. 



AC Characteristics 

T a = -10°Cto +70°C, Vqq = -6Vto -10V 

Limits 



Parameter Symbol Mln Typ Max Unit Tost Conditions 

Ft, = 1MQ, 
225 300 375 KHz Vqq = -9V ± 1V, 

l n »r T- = 25 °C 



Clock 
Frequency 



Clock Rise and 
Fall Times 

Clock Pulse 
Width High 

Clock Pulse 
Width Low 



•r.«f 



<4>W H 



Hw L 



R f = 1MQ, 

V G G = -9V ± 1V 



CLK, 
External Clock 



Capacitance 

T- = 2S°C 



Parameter Symbol Mln Typ Mm* Unit Tost Conditions 



Input 
Capacitance 


C| 


15 


pF 


Port 1, 
RESET 


Output 
Capacitance 


CO 


20 


PF 


Ports 3, 
S,T 


Input/Output 
Capacitance 


C|0 


20 


pF 


Port 4 


Clock 
Capacitance 


C *. 


30 


pF 


CLK 
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Clock Waveform 





















— >„ — 




■* — l W L -*~ 




ss . 










0H . 


I ^ 




'<t>L . 


. - i 


'-- 




-^ 


r -> 


i 



Development Tools 

The NEC Electronics U.S.A.'s NDS Development 

System is available for the development of software 

source code, editing, and assembly into object code. In 

addition, the ASM75 Cross Assembler is available for 

systems supporting the ISIS-II or the CP/M (® Digital 

Research Corp.) Operating Systems. 

The EVAKIT-7520 Evaluation Board is available for 

production device evaluation and prototype system 

debugging. 

The ASM75-F9T Cross Assembler is available for 

systems supporting fortran IV ANSI Standard 

1966-V3.9. 



Instruction Set Symbol Definitions 

The following abbreviations are used in the description of 
the fiPD7520 instruction set: 



SYMBOL 


EXPLANATION AND USE 


A 


Accumulator 


address 


Immediate address 


C 


Carry Flag 


data 


Immediate data 


Dn 


Bit "n" of immediate data or immediate address 


H 


Register H 


HL 


Register pair HL 


L 


Register L 


P( ) 


Parallel Input/Output Port addressed by the value 
within the brackets 


PC n 


Bit "n" of Program Counter 


S 


Zero when Skip Condition does not occur; the number 
of bytes In next instruction when Skip Condition 
occurs 


Stack 


Stack Register 


String 


String Effect Skip Condition, whereby succeeding 
Instructions of the same type are executed as NOP 
instructions 


( ) 


The contents of RAM addressed by the value within 
the brackets 


r . The contents of ROM addressed by the value within 
the brackets 


- 


Load, Store, or Transfer 


- 


Exchange 


- 


Complement 


■¥ 


LOGICAL Exclusive-OR 



Instruction Set 





FUNCTION 


DESCRIPTION 






INSTRUCTION CODE 






BYTES 


CYCLES 


SKIP 


MNEMONIC 


07 


De 


D B 


D4 


D3 


D 2 


D1 


DO 


CONDITION 


LOAD 


LAI diti 


A - D3.0 


Load A with 4 bits of Imme- 
diate data; execute succeeding 
LAI instructions at NOP 
Initructloni 











1 


D 3 


°2 


D1 


DO 


1 


1 


String 


LHI data 


H-Dvo 


Load H with 2 biti of imme- 
diate data 








1 





1 





Dl 


Do 


1 


1 




LHLI data 


HL«-D4.o 


Load HLwith S bltiof 
immediate data; execute 
succeeding LHLI initructloni 
at NOP initructloni 


1 


1 





D4 


03 


02 


01 


Do 


1 


1 


String 



A «- [PC9.6, 0, C, A] H Load the upper 4 bit* of ROM 
Table Deta at addren 
PC9-6, 0, C, A to A 

(HL) - [PC 9 _e, Load the lower 4 bit! of ROM 

0, C, A] l Table Data at address 

PC9.6, 0, C, A to the RAM 
location addreised by HL 



L 


A-lHLl 


Load A with the contents of 
RAM addressed by HL 





1 





1 








1 





1 


1 




LIS 


A*-(HL) 
L- L + 1 
Skip if L - OH 


Load A with the contents of 
RAM addressed by HL; incre- 
ment L; skip if L - OH 





1 





1 











1 


1 


1 +S 


L-OH 


LDS 


A~(HL) 
L- L-1 
Skip if L- FH 


Load A with the contents of 
RAM addressed by HL; 
decrement L; skip If L - FH 





1 





1 














1 


1 +S 


L- FH 


LADR address 


A - (D 5 .o> 


Load A with the contents of 
RAM addressed by 6 bits of 
immediate data 










1 


1 
04 


1 

D3 



D 2 



01 



Do 


2 


2 
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Instruction Set (Cont.) 


























FUNCTION 


DESCRIPTION 






INSTRUCTION CODE 






BYTES CYCLES 


SKIP 


MNEMONIC 


D7 


D6 


D5 


D4 


03 


D2 


Dl 


DO 


CONDITION 


STORE 


ST 


(HL)i-A 


Store A into the RAM location 
addressed by HL 





1 





1 





1 


1 


1 


1 1 




STII data 


<HL)«-D 3 .o 
L-L + 1 


Store 4 bits of immediate data 
into the RAM location 
addressed by HL; increment L 





1 








D3 


02 


Dl 


DO 


1 1 




EXCHANGE 


XAH 


A 1-0«Hl-0 
A 3 . 2 «- 00H 


Exchange A with H 





1 


1 


1 


1 





1 





1 1 




XAL 


A«L 


Exchange A with L 





1 


1 


1 


1 





1 


1 


1 1 




X 


A«(HL) 


Exchange A with the contents 
of RAM addressed by HL 





1 





1 





1 


1 





1 1 




XIS 


A-(HL) 
L-L + 1 
Skip if L = OH 


Exchange A with the contents 
of RAM addressed by HL; 
increment L; skip If L = OH 





1 





1 





1 





1 


1 1 +S 


L = 0H 


XDS 


A«(HL) 
L-L-1 
Skip if L= FH 


Exchange A with the contents 
of RAM addressed by HL; 
decrement L; skip if L = FH 





1 





1 





1 








1 1 +s 


L = FH 


XADR address 


A « (D 5 . ) 


Exchange A with the contents 
of RAM addressed by 6 bits of 
immediate data 










1 

05 


1 

D4 


1 
D3 



D2 



Dl 


1 

Do 


2 2 




ARITHMETIC AND LOGICAL 


AISC data 


A *- A + D3.0 
Skip if overflow 


Add 4 bits of immediate data 
to A; Skip if overflow is 
generated 














°3 


D2 


Dl 


DO 


1 1 +S 


Overflow 


ASC 


A-A+ (HL) 
Skip if overflow 


Add the contents of RAM 
addressed by HL to A; skip if 
overflow is generated 





1 


1 


1 


1 


1 





1 


1 1 +S 


Overflow 


ACSC 


A, C<-A + (HL) + C 
Skip if C = 1 


Add the contents of RAM 
addressed by HL and the carry 
flag to A; skip if carry is 
generated 





1 


1 


1 


1 


1 








1 1 +S 


C = 1 



A<-A V (HL) 



Perform a LOGICAL 
Exclusive— OR operation 
between the contents of 
RAM addressed by HL and 
A; store the result in A 



ACCUMULATOR AND CARRY FLAG 


CMA 


A- A 




Complement A 





1 


1 


1 


1 


1 


1 


1 


1 


1 




RC 


C-0 




Reset Carry Flag 





1 


1 


1 


1 











1 


1 




SC 


C-i-l 




Set Carry Flag 





1 


1 


1 


1 








1 


1 


1 










INCREMENT AND DECREMENT 
















ILS 


L--L + 1 
Skip if L = OH 




Increment L; 
Skip if L = OH 





1 





1 


1 








1 


1 


1 +S 


L = 0H 


IDRS address 


<D 5 .o) - (D5.0) 
Skip if (D5_o) = 


+ 1 
OH 


Increment the contents of 
RAM addressed by 6 bits of 
immediate data; Skip if the 
contents = OH 










1 

D5 


1 
D4 


1 
D3 


1 
D2 



Dl 


1 
Do 


2 


2 + S 


(D^) - OH 


DLS 


L«-L-1 
Skip if L= FH 




Decrement L; 
Skip if L= FH 





1 





1 


1 











1 


1 +S 


L=FH 


DORS address 


(Dr^) 1- (D5. ) 
Skip if (D^o) = 


-1 
FH 


Decrement the contents of 
RAM addressed by 6 bits of 
immediate data, skip if the 
contents = FH 










1 

D5 


1 
D4 


1 
D3 


1 
D2 



Dl 



Do 


2 


2 + S 


(DSK)) = FH 


BIT MANIPULATION 


RMB data 


(HL> bit ~0 




Reset a single bit (denoted by 
DjDo) of the RAM location 
addressed by HL to zero 





1 


1 





1 





Dl 


Do 


1 


1 




SMB data 


<HL) bit< -1 




Set a single bit (denoted by 
DiDrj) of the RAM location 
addressed by HL to one 





1 


1 





1 


1 


Dl 


DO 


1 


1 










JUMP, 


CALL. AND RETURN 
















JMP address 


PC9.0 - D9.0 




Jump to the address specified 
by 10 bits of immediate data 



D7 



Dfi 


1 

Ds 



D 4 



D3 



D5! 


D9 
Dl 


D8 
Do 


2 


2 




JAM data 


PCg.8 *- Di-o 
PC;m - A 
PC3.0-IHL) 




Jump to the address specified 
by 2 bits of immediate data. A, 
and the RAM contents 
addressed by HL 










1 



1 
1 


1 



1 



1 


1 
Do 


2 


2 





E 
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Instruction Set (Cont.) 





FUNCTION 


INSTRUCTION CODE 






BYTES 


CYCLES 


SKIP 


MNEMONIC 


DESCRIPTION D7 Dg Ds n 4 D3 


D 2 


Dl 


DO 


CONDITION 


JUMP, CALL. AND RE3TURN 


JCP address 


PC5.0 <- D 5 _o 


Jump to the address specified 1 D5 O4 O3 
by the higher-order bits PCg_6 * 
of the PC. and 6 bits of 
immediate data 


D2 


Dl 


DO 


1 


1 





CALL address STACK <- PC + 2 
PCg:<) ♦- O94) 



Store a return address (PC + 2) 
in the stack; call the subroutine D7 
program at the location speci- 
fied by 10 bits of immediate 
data 




06 



D5 D4, D3 



D9 D8 
D2 D1 Do 



CAL address STACK «- PC + 1 

PC 9-0«- OID4D3 

OOOD2D1 Do 



Store a return address (PC + 1 ) 
in the stack; call the subroutine 
program at one of the 32 spe- 
cial locations specified by S 
bits of immediate data 



1 D4 D3 D2 D1 Do 



RT 
RTS 


PC «- STACK 

PC «- STACK 

Skip unconditionally 


Return from Subroutine 

Return from Subroutine; skip 
unconditionally 






1 
1 






1 
1 




1 






1 
1 


1 
1 


1 1 
1 1 +S 


Unconditional 


SKIP 


SKC 


Skip if C = 1 


Skip if carry flag is true 





1 





1 


1 





1 





1 1 +S 


C-1 


SKMBT data 


Skip if (HL) bit - 1 


Skip if the single bit (denoted 
by D-|Do) of the RAM loca- 
tion addressed by HL is true 





1 


1 








1 


D1 


DO 


1 1 +S 


(HL)bit = 1 


SKMBF data 


Skip If <HL) b j t -0 


Skip if the single bit (denoted 
by D1 Do) of the RAM loca- 
tion addressed by H L is false 





1 


1 











01 


DO 


1 1 +S 


<HL) bit = 


SKABT data 


Skip if Abjt - 1 


Skip if the single bit (denoted 
by D-|Do) of A is true 





1 


1 


1 





1 


D1 


DO 


1 1 +S 


A b it - 1 


SKAEI data 


Skip If A - data 


Skip if A equals 4 bits of 
immediate data 







1 


1 
1 


1 




1 

D3 


1 

D2 


1 
D1 


1 
DO 


2 2 + S 


A " data 


SKAEM 


Skip if A = (HL) 


Skip if A equals the RAM con- 
tents addressed by HL 





1 





1 


. 1 


1 


1 


1 


1 1 +S 


A = (HL) 


PARALLEL I/O 


IPL 


A<-P(L) 


Input the Port addressed 
by L to A 





1 


1 


1 














1 1 




IP1 


A«-P1 


Input Port 1 to A 





1 


1 


1 











1 


1 1 




OPL 


P(L)-A 


Output A to the port 
addressed by L 





1 


1 


1 








1 





1 1 




OP3 


PS-A^ 


Output the lower 2 bits of A 
to Port 3 





1 


1 


1 








1 


1 


1 1 




CPU CONTROL 


NOP 




Perform no operation; con- 
sume one machine cycle 


























1 1 





Package Outline /jPD7520C 




0°-15° 



Hem 


Millimeters 


Inches 




A 


38.0 MAX 


1.496 MAX 




B 


2.49 


0.098 




C 


2.54 


0.10 




D 


0.5 ± 0.1 


0.02 ± 0.004 




E 


33.02 


1.3 




F 


1.5 


0.059 




Q 


2.54 MIN 


0.10 MIN 




H 


0.5 MIN 


0.02 MIN 




1 


5.22 MAX 


0.205 MAX 




J 


5.72 MAX 


0.225 MAX 




K 


15.24 


0.6 




L 


13.2 


0.52 




M 


+ 0.10 
0.25 

-0.05 


+ 0.004 
0.01 

-0.002 





7520DS-1 2-81 -TRIUM-CAT 
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SEC 

NEC Electronics USA Inc. 

Microcomputer Division 



M PD7500 

CMOS 4-BIT MICROPROCESSOR 

M PD7500 SERIES ROM-LESS 

EVALUATION CHIP 



Description 

The /<<PD7500 is a CMOS 4-bit microprocessor which 
has the nPD750x architecture, and also functions as the 
MPD7500 series ROM-less evaluation chip. 
The nPD7500 contains a 256 x 4-bit RAM, and is 
capable of addressing up to 81 92 x 8-bits of external 
program memory. 

The /iPD7500 contains four 4-bit general purpose 
registers located outside RAM. The subroutine stack is 
implemented in RAM for greater nesting depth and flex- 
ibility, providing such operations as the pushing and 
popping of register values. The nPD7500 typically exe- 
cutes either all 110 instructions of the ^PD7500 series 
"A" instruction set, or all 70 instructions of the 
^PD7500 series "B" instruction set with a 10ms instruc- 
tion cycle time. 

The mPD7500 has three external and two internal edge- 
triggered hardware vectored interrupts. It also contains 
an 8-bit timer/event counter and an 8-bit serial interface 
to help reduce software requirements. A display timing 
pulse is also provided when emulating the juPD7501 , 
MPD7502, the mPD7503, or the mPD751 9. 
The nPD7500 provides 32 I/O lines organized into the 
4-bit input/serial interface Port 0, the 4-bit output Port 2, 
the 4-bit output Port 3, and the 4-bit I/O Ports 1 , 4, 5, 6, 
and 7. It is manufactured with a low power consumption 
CMOS process, allowing the use of a single +5V power 
supply. Current consumption is less than 900nA max- 
imum, and can be lowered much further in the HALT 
and STOP power-down modes. The mPD7500 is avail- 
able in a 64-pin quad-in-line plastic package. 
Pin Configuration 



Pin Names 




64 


=3 V S S 


63 


imie 7 


62 


ZD BUSe 


61 


r^rjsuss 


60 


— 1 BUS4 


59 


1 nns ? 


58 


ZZ3 BUS2 


57 


1 H"S1 


56 


ZZ) BUSo 


55 


1 P13 


54 


=3 P1 2 


53 


=J P11 


52 


^ P10 


51 


1 STB 


50 


=J CSOUT 


49 


1 DISPLAY 


48 


=3 PSEN 


47 


1 P20/PSTB 


46 


— 1 P21/PTOUT 


45 


• P22 


44 


1 P23 


43 


^^3 P03/SI 


42 


— 1 P02/SO 


41 


1 P01/SCR 


40 


1 POo 


39 


1 NC 


38 


^3 ALE 


37 


1 BOTJT 


36 


=1 P3 a 


35 


1 P32 


34 


' P31 


33 


' P3o 





Pin 




No. 


Symbol 




1.2 


x 2- x 1 


Crystal clock/external event Input Port X (active high). A 
crystal oscillator circuit Is connected to Input X-j and output 
X2 for crystal clock operation. Alternatively, external event 
pulses are connected to Input Xj while output X2 Is left open 
for external event counting. 


3 


TEST 


Factory test pin (connect to Vgs)- 


4-9, and 
56-63 


BUS -BUS 13 


External data bus (active high). Connected to external pro- 
gram memory. 


10-13 


P4 -P4 3 


4-blt input/latched trl-state output Port 4 (active high). Can 
also perform 8-bit parallel I/O In conjunction with Port 5. 


14-17 


P5 -P5 3 


4-bit Input/latched trl-state output Port 5 (active high). Can 
also perform 8-bit parallel I/O in conjunction with Port 4. 


18-21 


P60-P63 


4-blt Input/latched trl-state output Port 6 (active high). Indi- 
vidual lines can be configured either as Inputs or as outputs 
under control of the Port 6 mode select register. 


22-25 


P7 -P7 3 


4-blt Input/latched trl-state output Port 7 (active high). 


26 


INT 1 


External Interrupt INT-) (active high). This is a rising edge- 
triggered Interrupt. 


27 


INT 


External Interrupt INTq (active high). This is a rising edge- 
triggered Interrupt. 


28 


INT 2 


External Interrupt INT2 (active high). This Is a rising edge- 
triggered interrupt. 


29 


RESET 


RESET Input (active high). R/C circuit or pulse initializes 
MPD7500 after power-up. 


30,31 


CLl cl 2 


System clock input (active high). Connect 82KQ resistor 
across CL-) and CL2, and connect 33pF capacitor from CL^ to 
Vgs- Alternatively, an external clock source may be con- 
nected to CL-|, whereas CL 2 is left open. 


32 


v D d 


Power supply positive. Apply single voltage ranging from 
2.7V to 5.5V for proper operation. 


33-36 


P3 -P3 3 


4-blt input/latched trl-state output Port 3 (active high). 


37 


DOUT 


Data output (active low). 


38 


ALE 


Address latch enable (active high). 


39 


NC 


No connection. 




P0 

PO^SCK 

P0 2 /SO 

PO3/SI 



P2 -P2 3 

PVPSTB 

P2 1' P T 0U T 



4-blt Input Port 0/serial I/O interface (active high). This port 
can be configured either as a 4-blt parallel Input port, or as 
the 8-bit serial I/O Interface, under control of the serial mode 
select register. The Serial Input SI (a ctive high), Serial Output 
SO (active low), and the Serial Clock SCK (active low) used 
for synchronizing data transfer comprise the 8-blt serial I/O 
Interface. 

4-bit latched trl-state output Port 2 (active high). Line P2 is 
also shared with PsTB> tne Port 1 output strobe pulse (active 
low). Line P2-) Is also shared with PTniiT' ,ne timer-out F/F 
signal (active high). uul 



PSEN 



Program store enable (active low). 



DISPLAY timing pulse (active high). 



Chip select output (active low). Connected to piPD82C43. 



STB 



STROBE output (active low). Connected to ^PD82C43. 



52-55 PI0-PI3 

64 V^ 



4-bit input/trl-state output Port 1 (active high). Data output to 
Port 1 Is strobed in synchronization with a P2o/P§fi pulse. 
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Block Diagram 



poi/sck P03/S | 
P02/S0 



INT 2 INT^NTo 



Count 

Clock 

Generator 


X 


Clock 
Control 
Circuit 


CP 


Timer/Event 
Counter 


I NTT 


Interrupt 
Controller 


INTs 


Serial I/O 
Interface 


-»-ff 






f 


O 




DIS, ^ J, 


O 





.a 



H 



12-bit 

Program Counter 



ALE ■♦- 
PSEN .*- 



BUSrj 
BUS! 3 



.0 



Register I Break 

Dump I Controller 



W^T~JI 



V 

ALU 



System 

Clock 

Generator 



CLi CL2 



RESET VDD VSS 



General Registers 



E(4) 



Stack Pointer (8) 



Data Memory 
256 x 4-BIT RAM (mPD7500) 






I/O Expansion 
Controller 



J 



Vi 



-P0 



l~^\ Port 1 AA 

V-y Bu,,er yV P1 °' P13 



3 



Port 2 
Latch 
Buffer 



\ j/ Buffer \| / 



Port 3 
Latch 
Buffer 



4 \ P2 -P2 3 

/P20/PSTB, \ 
\ P2 1' P T0U T / 

4 \ P30-P33 



/ \ Port 5 / \ 

' ] Latch ' 4 ) 
\j — |/ Buffer \j / 



nPort 6 
Latch 
Buffer 



ft 



/— \ Port 7 

' ) Latch 

\j — 1/ Buffer 



242 



M PD7500 



Absolut® Maximum Ratings 4 



T a s 25°C 


Operating Temperature 


-10°Cto +70°C 


Storage Temperature 


-6S°Cto +150°C 


Power Supply Voltage, Vqd 


-0.3V to +7.0V 


All Input and Output Voltages 


-0.3VtoV DD +0.3V 


Output-Current (Total, All Output Ports) 


>OH = -20mA 
IQL = 30mA 



'Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 

T a = -10°CtO +70°C, Vqd = »V ± 10% 





r Symbol 




Limn* 


Unll 




Paramete 


Mln 


Typ 


Max 


1 Teat Condition* 


Input 
Voltage 


V|H 


0.7 V DD 




V D D 


V 


All Inputs Other than 
O-l. X, 




V*H 


V DD -0.5 




Vdd 


CLi.X, 


Input 
Voltage 


V|L 







0.3 V DD 


V 


All Inputs Other than 
CL 1lXl 




V *L 







0.5 


CL^X, 


Input 
Leakage 


'L'H 






3 


MA 


All Inputs Other V| » Vqq 
thanCL 1 ,X 1 


High 


'L+H 






10 


CL^X, 


Input 
Leakage 
Current 
Low 


■ul 






-3 


/iA 


All Inputs Other V| ■ 0V 
thanCL^Xj 


'Ml 






-10 


CL1, X! 


Output 
Voltage 
High 


V H 


V DD - 1.0 






V 




Output 
Voltage 
Low 


vol 






0.4 


V 




Output 
Leakage 
Current 
High 


«lo h 






3 


mA 


vo = v DD 


Output 
Leakage 
Current 
Low 


•lo l 






-3 


t* 


V = 0V 




'DDq 






2000 


1* 


Normal Operation 
All Output Pins Open 
No BUS Conflicts 


Supply 


'DD S 
'DD DR 




2 


20 


kA 


Stop Mode, X! - 0V 






0.4 


10 


Data Retention Mode 
V D D DR = 20V 



Capacitance 

T a = 25°C, Vdd = ov 



Symbol 



Typ Max Unit Test Conditions 



Input Capacitance 



C IN 



Output Capacitance 



CquT 



pF 



AC Characteristics 

T a = -io° ~ +70°c, vdd = sv i io% 

Clock Operation 





Symbol 




Umtti 




Untt 




Parameter 


Mm 


Typ 


Max 


Test Conditions 


System Clock 
Oscillation Frequency 


•♦ 


120 


200 


280 


KHz 


R - 82kQ 1 2»* 
C = 33pF ± 5W 


»♦ 


10 




300 


KHz 


CL<|, External Clock 


CLj Input Rise Time 


'CR 






0.2 


MS 




CL 1 Input Fall Time 


«CF 






0.2 


f 




CL t Input Clock Width 
(High) 


*CH 


1.9 






MS 




CL< Input Clock Width 
(Low) 


«CL 


1.5 






MS 




Count Clock 
Oscillation Frequency 
(X^Xa) 


*XX 




32 




KHz 


Xtal Oscillation 


Count Clock 

Input Frequency (X-)) 


«X 







300 


KHz 




Xi Input Rise Time 


*XR 






0.2 


MS 




X 1 Input Fall Time 


«XF 






0.2 


M« 




X 1 Input Clock Width 
(High) 


*XH 


1.5 






MS 





X 1 Input Clock Width 
(Low) 



«XL 



Bus I/O Operation 














Symbol 




Limits 




Unit 




Parameter 


Mln 


Typ 


Max 


Test Conditions 


ALE Pulse Width 
(High) 


«LH 


600 






ns 




Address Setup Time 
to ALE* 


«AL 


200 






ns 




Address Hold Time 
after ALE* 


<LA 


100 






ns 




Output Data Setup 
Time to DOUTt 


'DDO 


200 






ns 




Output Data Hold 
Time after DOUTt 


'dod 


100 






ns 




DOUT Pulse Width 
(Low) 


l DOL 


600 






ns 




ALE - Data Input 
Valid Time 


*LDV 






700 


ns 




Address -» Data Input 
Valid Time 


•adv 






600 


ns 




PSEN Pulse Width 
(Low) 


J PSL 


1200 






ns 




PSEN- Data Input 
Valid Time 


tpsDV 






600 


ns 




PSEN - Data Float 


«PSDF 









ns 





G 



I/O Capacitance 



Unmeasured pins 
returned to Vgs 
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Port 1 I/O Operation 



Symbol Mln Typ Mmx Unit Test Conditions 



Port 1 O utpu t Setup 
Time to STBt 



Port 1 Output Hold 
Time after STBt 



STB Pulse Width 
(Low) 



Output Pats Setup 
Time to STBt 



Output Data Hold 
Time after STBt 



STBt — Input Data 
Valid Time 



STBl — Input Data 
Float Time 



Co ntro l Setup Time 
to STBt 



Cont rol H old Time 
after STBt 



STB Pulse Width 
(Low) 



CSOUT Setup Time 
to STBt 



CSOUT Hold Time 
after 5TBI 



*PST 



«STP 



•STL* 



«DST 



*STD 



<8TDV 



«STDF 



«CST 



*STC 



»STL« 



tcsST 20 ° 



tsTCS 10 ° 



ns Port Output Mode 



ns I/O Expander Mode 



Other Operations 





Symbol 




Umlfs 




Parameter 


Mln 


Typ Man 


Unit Tast Conditions 


HT Pulse Width 
High 


f l H 


10 




M» 


IMTo Pulse Width 
Low 


V 


10 




M» 


INT 1 Pulse Width 
High 


•HH 


«•♦ 




M» 


INT 1 Pulse Width 
Low 


4 «lL 


2/ty 




M» 


INT 2 Pulse Width 
High 


*l2H 


*»♦ 




Ma 


INT 2 Pulse Width 

LOW 


V 


2/f^ 




M« 


3ESET Pulse Width 

*gh 


'rsh 


10 




M» 


flESET Pulse Width 
tow 


*RSL 


10 




MS 



Serial Interface Operation 












Symbol 


Um/ts 




Unit 




Parameter 


Mln 


tw 


Urn* 


Tast Conditions 


SCK Cycle Time 


«KCY 


4.0 






Ma 


Input 


6.7 






M» 


Output 


SCK Pulse Width 


>KH 


1.8 






Ma 


Input 




3.0 






Ma 


Output 


SCK Pulse Width 


«KL 


1.8 






Mi 


Input 


Low 


3.0 






v» 


Output 


SI Setup Time 
to SCKf 


<SIK 


300 






ns 




SI Hold Time after 
SCKt 


<KSI 


450 






ns 




SO Output Delay after 
SCKt 


'KSO 






850 


ns 
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Clock Timing Waveforms 



M PD7500 



CLi Input 



Xi Input 




— tXF 



Bus I/O Timing Waveforms 



CL V 



\ r \ / 



BUS 10 . 13 



BUS 8i 9 



BUS _ 7 
BUS 10 -13" 



/ X 



X 



-tLA- 
V 



J-- 



X 



X 



c 



c 



)( ~. p - ,aout ~~*x y 



/ 






\ / 



„f 



/ 
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Strobe Output Timing Waveforms 



P 10 -Pl3- 



Output Data 



\ / 



> 



Port 1 I/O Expander Port Timing Waveforms 



Expander 

Port 

Output 



Expander 

Port 

Input 



1[ 



\ 



X 



X 



Output Data 



J- 



tSTDV- 

'STL 2 



> 



< 



Input Data 



> 



f 



f 



Serial Interface Timing Waveforms 



\ / 'V 



-V Input Data S— 



X 



Output Data 



X 
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M PD7500 



Interrupt Input Timing Waveforms 

INT 

(Rising Edge Triggered) 



INT^ 
(Rising Edge Triggered) . 



INT 1 
(Failing Edge Triggered)- 



INT 2 

(Rising Edge Triggered). 



Y 



\ 



/ 



\ 



/ 



\ 



/ 



">- 



\ 



/ 



X 



RESET Input Timing 



Operating Characteristics 

Typical, T a = 25 °C 



\ 



Supply Current 



System Clock Oscillation Frequency 
(Note © ) 



I CL2 CM | 


VDD = 5.0V 










: c 






C = 39pF 






c = 


100pF U 


= 56pF 


^^C = 2 


pF 







































100 200 300 400 500 

Oscillation Frequency \\ (KHz) 



\ 



E 



System Clock Oscillation Frequency 

vs 

Resistance 









| CL 2 CL1 | 








C = 33pF i 








VDD = 5V 
















Ui 1 











50 100 200 

Resistance R (K ohms) 



Note: 

(D Only R/C system clock is operating and consuming power. All other internal logic blocks are 
not active. 
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NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



MC-430P 



HYBRID UV EPROM 

4-BIT SINGLE CHIP MICROCOMPUTER 

DESCRIPTION The MC-430P is a hybrid chip containing a /zPD556B ROM-less Evaluation chip, a 

juPD2716 2K x 8-bit UV EPROM, a MPC7905 3-terminal voltage regulator, and pull-up 
resistors on the same ceramic substrate. The MC-430P is pin-compatible with the 
juPD546C/juPD547C, and can emulate the high-voltage drive or CMOS nCOM-4 micro- 
computers with the corresponding I/O line buffers. 

The MC-430P contains a 2048 x 8-bit UV EPROM and a 96 x 4-bit RAM which 
includes six working registers and the flag register. It has a level-triggered hardware 
interrupt, a three-level stack, and a programmable 6-bit timer. The MC-430P executes 
all 80 instructions of the extended juCOM-4 family instruction set. 



PIN CONFIGURATION 



The MC-430P provides 35 I/O lines organized into the 4-bit input ports A and B, the 
4-bit I/O ports C and D, the 4-bit output ports E, F, G, and H, and the 3-bit output 
port I. It typically executes its instructions with a 10 jus instruction cycle time. The 
MC-430P is manufactured with a standard PMOS process, allowing use of a single 
-10V power supply, and is available in a 42-pin dual-in-line ceramic hybrid package. 



CMC 1 
PC C 2 
PC,C 3 
PC2CI 4 
PC 3 C 5 
TTCTc 6 
RESET C 7 
PD C 8 
PDiC 9 
PD2C 10 
PD3C 11 
PEoC 12 
PElC 13 
PE2C 14 
PE3C15 
PFOC 16 
PF1C17 
PP2C 18 
PF3C19 
TEST C 20 
VSS C 21 



MC-430P (PIN COMPATIBLE 
WITH mPD546/mPD547) 



MC- 
430P 



42DCL0 

40VQG 
40 3 PB3 
39 3 PB2 
38DPB1 
37 D'PBo 
36 3 PA3 
35 3 PA2 
34 DPA1 
33 3 PA 
32 3 Pl2 
31 D Pli 
30 3 Pl0 
29 J PH3 
28IJPH2 
27 3PH! 
26 3 PH 
25 3 PG3 
24 H PG2 
23 3 p Gl 
22D PG 



PIN NAMES 



PA0-PA3 


Input Port A 


PB0-PB3 


Input Port B 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PG0-PG3 


Output Port G 


PH0-PH3 


Output Port H 


PI0-PI2 


Output Port 1 


iNT 


Interrupt Input 


CLo-CL! 


External Clock Signals 


RESET 


Reset 


VGG 


Power Supply Negative 


v S s 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vss> 



EPROM WRITE PADS (uPD2716) 



A7 0-{TJ 
A 6Q— f7~| 

a 5o— m 
a 4q— r*~\ 
*3 o— {±2 

A, O— {T] 

aqo— rn 

ooO-{T] 
0,0-. fjo] 

020-" i~"i 

GND O — ( 12| 



I 24 \ OVCC 

00— O' 
rjrj— O' 

I 21 t — QVpp 
I 20 \ — O °E 

I 18 \ — QCEIPGN 

QT}~oo 7 

| 16 ( — OC 
I 15 l ^-QOl 
I 14 f — -OO4 

QE 



B 



PIN NAMES 



£* 






Addresses 



Output Enable 



Data Outputs 



Chip Enable/Program 
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MC-430P 






BLOCK DIAGRAM 



)r 







1 : juPD556 

2 : Pull-Up Resistors 

3 : mPC7905 (3-Terminal 5 Volt Voltage Regulator) 

4 :mPD2716 (EPROM) 

5 : mPD546C/mPD547C Compatible Pins (42 Pins) 

6 : EPROM Write Pads (24 Pads) 



Operating Temperature -10 C to +70 C 

Storage Temperature -25 C to +85 C 

Supply Voltage, Vqg ~ 15 t0 +a3V 

Input Voltages -15. to +0.3V 

Output Voltages - 15 to +0.3V 

Output Current (Total, all ports) "4 mA 



ABSOLUTE MAXIMUM 
RATINGS* 



T a = 25°C 

"COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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MC-430P 42-PIN OPERATING 
SPECIFICATIONS 



MC-430P 



DC CHARACTERISTICS T ° - -10° c to +7o°c : v GG ■- -iov * 10%, v ss -W 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage High 


V|H 







-2.0 


V 


Ports A through D, INT, 
RESET 


Input Voltage Low 


V|L 


-4.3 




VQG 


V 


Ports A through D, INT, 
RESET 


Clock Voltage High 


V*H 







-0.8 


V 


CLq Input, External Clock 


Clock Voltage Low 


V 0L 


-6.0 




VGG 


V 


CLo Input, External Clock 


Input Leakage Current High 


•l.lH 






+ 10 


MA 


Ports A through D, INT, 
RESET, V| --1V 


Input Leakage Current Low 


'LIL 






-10 


*iA 


Ports A through D, INT, 
RESET, V| = -11V 


Clock Input Leakage Current High 


'L0H 






+200 


MA 


CL Input, V^,h " 0V 


Clock Input Leakage Current Low 


'L.0L 






-200 


MA 


CL input, V 0L - -" V 


Output Voltage High 


V H, 






-1.0 


V 


Ports C through 1, 
l 0H - -1.0 mA 


v OH 2 






-2.3 


V 


Ports C through 1, 
'OH * "3-3 n>A 


Output Leakage Current Low 


U.OL 






-10 


' nA 


Ports C through 1, 

v = -nv 


Supply Current 


IGG 




-110 


-165 


mA 





AC CHARACTERISTICS 



T a - -10°C to +70°C; Vqg - -10V 


± 10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f ' 


150 




440 


KHz 




Rise and Fall Times 


V. tf 







0.3 


MS 


EXTERNAL CLOCK 


Clock Pulse Width High 


«*w H 


0.6 




5.6 


MS 


Clock Pulse Width Low 


t0W L 


0.5 




5.6 


MS 




CAPACITANCE 



T a - 25°C 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


pF 


f - 1 MHz 


Output Capacitance 


CO 






40 


pF 


Input/Output Capacitance 


ClO 






30 


pF 



CLOCK WAVEFORM 



vss 
vqg 
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PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE 

T a = 25°C i 5°C; Vcc © = +5V + 5%; Vpp ©(D = +25V ± IV 



PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE 

T a = 25°C ± 5°C; V cc © = +5V ± 5%; V pp ©© = +25V ± 1V 



MC-430P 24-PAD 
MPD2716 UV-EPROM 
PROGRAMMING SPECIFICATIONS 

DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TVP. 


MAX. 


Input High Voltage 


V|H 


+2.0 




v cc +1 


V 




Input Low Voltage 


V IL 


-0.1 




+0.8 


V 




Input Leakage Current 


'IL 






±10 


MA 


V |N -5.25V/0.45V 


Vpp Current 


'PPI 






+5 


mA 


__ Pr jgfW" Verify 
CT/PGM-V,. 

"- Prjoram Inhibit 


l pp2 






+30 


mA 


El/PGM - V|H Program Mode 


V cc Current' 


'cc 






+ 100 


mA 





AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 




TEST 


MIN 


TYP 


MAX 


UNITS (CONDITIONS 


Address Setup Time 


tAS 


2 






„s i 


OE Setup Time 


tOES 


2 






/JS 




Data Setup Time 


tDS 


2 






VS 




Address Hold Time 


tAH 


2 






V* 




OE~HoldTime 


tO EH 


2 






ft 




Data Hold Time 


«DH 


2 






PS 




Output Enable to Output Float Delay 


tDF 







120 


ns 


C"E"/PGM = Vil 


Output Enable to Output Delay 


tOE 






120 


ns 


Cl/PGM = V| L 


Program Pulse Width 


tPW 


45 


50 


55 


ms 




Program Pulse Rise Time 


VRT 


5 






ns 




Program Pulse Fall Time 


tPFT 


5 






ns 





Test Conditions: 

Input Pulse Levels 0.8V to 2.2V Output Timing Reference Level . .0.8V and 2V 

Input Timing Reference Level 1V and 2V 

Notes: Q) V(;c must De applied simultaneously or before Vpp and removed after Vpp. 

@ During programming, program inhibit, and program verify, a maximum of +26V 
should be applied to the Vpp pin. Overshoot voltages to be generated >>y the Vpp 
power supply should be limited to less than +26V. 



T a = 25°C; f = 1 MHz 



CAPACITANCE 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C|N 






60 


PF 


V|N = 0V 


Output Capacitance 


COUT 






45 


PF 


VQUT - 0V 
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TIMING WAVEFORM 



AO-IO 



007 



CE/PGM 



PROGRAM MODE 



X 



/ 



X 



i — PROGRAM VERIFY 



ADDRESS N 



X 



VALID INPUT 
ADDRESS 



«DS 



tPRT-~ 



-«-t ES--^ y.~-t EH— 



tDH 



'UT ^ if VAUP. * : /VALID INPUT 

■L_j(f ^ft^N f~\ ADDRESS N+, 



tOE-*- 



ADDRESS N+m 



PACKAGE OUTLINE (Units: mm) 



56.5 MAX 



DDnnnnnDnnnD 




-^ — i3-c= — =d~t — r 

2.54 ± 0.3 2.0 
27.94 ±0.5 



in 


X 




< 


o 


S 


+i 


o 


* 




r^ 


n 



I- 1.5 ±0.3 

z 

5 6.5 MAX 



mwniinnnTwi 

1.27 -^ I— — **. 2 .54 -Jl— 



Ji. 



"ft 



50.8 



0.5 



+0.25 
0.1 




15.24 



MC-430Pds-12-81-CAT 
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MICROCOMPUTERS 

SINGLE CHIP 8-BIT MICROCOMPUTERS 




NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



jiPD7800 



HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER 
ROM-LESS DEVELOPMENT DEVICE 

DESCRIPTION The NEC ;uPD7800 is an advanced 8-bit general purpose single-chip microcomputer 
fabricated with N-channel Silicon Gate MOS Technology. Intended as a ROM-less 
development device for NEC /iPD7801/7802 designs, the /iPD7800 can also be used 
as a powerful microprocessor in volume production enabling program memory flexi- 
bility. Basic on-chip functional blocks include 128 bytes of RAM data memory, 8-bit 
ALU, 32 I/O lines, Serial I/O port, and 12-bit timer. Fully compatible with the 
industry standard 8080A bus structure, expanded system operation can be easily 
implemented using any of 8080A/8085A peripheral and memory products. Total 
memory address space is 64 K bytes. 

FEATURES • NMOS Silicon Gate Technology Requiring Single +5V Supply. 

• Single-Chip Microcomputer with On-Chip ALU, RAM and I/O 

— 128 Bytes RAM 

— 32 I/O Lines 

• Internal 12-Bit Programmable Timer 

• On-Chip 1 MHz Serial Port 

» Five-Level Vectored, Prioritized Interrupt Structure 

— Serial Port 

— Timer 

— 3 External Interrupts 

• Bus Expansion Capabilities 

— Fully 8080A Bus Compatible 

— 64K Byte Memory Address Range 

• Wait State Capability 

• Alternate Z80™ Type Register Set 

• Powerful 140 Instruction Set 

• 8 Address Modes; Including Auto-Increment/Decrement 

• Multi-Level Stack -Capabilities 

• Fast 2 jus Cycle Time 

• Bus Sharing Capabilities 



PIN CONFIGURATION A |# t 

DB 7 

DB 6 C 

DB 5 

DB41 

DB3 

DB 2 t 

DBt 

DB t 

INT 2 

iNiyc 

INTq 
"VOTft 
M 
WR[ 
TO 
PC 7 [ 
PCe 
pc 5 c 

PC 4 
PC3C 
PC 2 
PCU 

SCKc 
SI 

sot 

RESIT 
STB( 
X1 
Vss(OV).; 

TM: Z80 is a registered trademark of Zilog, Inc. 
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c= 
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60 
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59 


~cz 


7 




58 




8 




57 




9 




56 




10 




55 


"EE 


11 




54 




12 




53 


TEE 


13 




52 




14 




51 




15 


MPO 


50 




16 


7800 


49 


c= 


17 




48 




18 




47 




19 




46 




20 




45 


C 


21 




44 




22 




43 


"EE 


23 




42 


~~ 


24 




41 




25 




40 


-"** 


26 




39 


a 


§ 




38 
37 




29 




36 




30 




35 


~EE 


31 




34 




32 




33 



V C C< + 6V) 

AB 14 

AB13 

AB 12 

ABn 

AB 10 

AB9 

AB 8 

AB7 

AB 6 

AB e 

AB 4 

AB3 

AB 2 

AB 1 

AB 

PB 7 

PB 6 

PB 5 

PB4 

PB3 

PB 2 

PB1 

PB 

PA7 

PAe 

PA 5 

PA4 

PA3 

PA 2 

PA1 

PAq 
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PIN NO. 


DESIGNATION 


FUNCTIONi 


1,49-63 


AB0-AB15 


(Tri-State, Output) 1 6-bit addross bus. 


2 


EXT 


(Output) ElH* is used to simulate <jPD7801/7802 
external memory reference operation. EXT distin- 
guishes between internal and external memory 
references, and goes low when locations 4096 
through 65407 are accessed. 


3-10 


DB0-DB7 


(Tri-State Input/Output, active high) 8-bit true 
bi-directional data bus used for external data 
exchanges with I/O and memory. 


11 


INTo 


(Input, active high) Level-sensitive interrupt input. 


12 


INT1 


(Input, active high) Rising-edge sensitive interrupt 
input. Interrupts are initiated on low-to-high transi- 
tions, providing interrupts are enabled. 


13 


INT2 


(Input) INT2 is an edge sensitive interrupt input 
where the desired activation transition is pro- 
grammable. By setting the ES bit in the Mask 
Register to a 1, INT2 is rising edge sensitive. When 


14 




ES is set to 0, INT2 is falling edge sensitive. 


WAIT 


(Input, active low) WAIT, when active, extends 






read or write timing to interface with slower 






external memory or I/O. WAIT is sampled at 






the end of T2, if active processor enters a wait 






state TW and remains in that state as long as 






WAIT is active. 


15 


M1 


(Output, active high) when active, M1 indicates 
that the current machine cycle is an OP CODE 
FETCH. 


16 


WR 


(Tri-State Output, active low) WR, when active, 
indicates that the data bus holds valid data. Used 
as a strobe signal for external memory or I/O write 
operations. WR goes to the high impedance state 
during HALT, HOLD, or RESI-1T. 


17 


RD 


(Tri-State Output, active low) R~D" is used as a 
strobe to gate data from external devices on the 
data bus. RD" goes to the high impedance state 










during HALT, HOLD, and RESET. 


18-25 


PC0-PC7 


(Input/Output) 8-bit I/O configured as a nibble 
I/O port or as control lines. 


26 


SCK 


(Input/Output) SCK provides control clocks for 
Serial Port Input/Output operations. Data on the 
SI line is clocked into the Serial Register on the ris- 
ing edge. Contents of the Serial Register is clocked 
onto SO line on falling edges. 


27 


SI 


(Input) Serial data is input to the processor 
through the SI line. Data is clocked into the Serial 
Register MSB to LSB with the rising edge of SCK. 


28 


SO 


(Output) SO is the Serial Output Port. Serial data 
is output on this line on the falling edge of SCK, 


29 




MSB to LSB. 


RESET 


(Input, active low) RESET initializes the juPD7800. 


30 


STB 


(Output) Used to simulate MPD7801/7802 Port E 
operation, indicating that a Port E operation is 
being performed when active. 


31 


X1 


(Input) Clock Input 


33-40 


PA0-PA7 


(Output) 8-bit output port with latch capability. 


41-48 


PB0-PB7 


(Tri-State Input/Output) 8-bit programmable I/O 
port. Each line configurable independently as an 
input or output. 
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BLOCK DIAGRAM 



INToO- 



INT 2 0- 



INT 
CONTROL 



w 



MAIN 

q!r. 



i£ 



DATA 
MEMORY 
1126 BYTE) 



PC2/8CS O- 



51 



S/P CONVERSION 



SERIAL 
CLOCK 



SOQ. 

PC3/SAKO- 



■UB 



n 



] c 



PCifl PC 7 . 2 



±±2. 



H 



3 C 






F% 



S<> 



i^l 



:k2 



| LATCH | I LATCH | [ 




i-i 



»> 






iP^Ll 



1 CO' 



HOLD 
CONTROL 


READ/WRITE CONTROL 


TIMING 
CONTROL 


SYSTEM 
CONTROL 



!T ill I I I 1 i I I Hi 



PC 7 / PCs/ 
HOLD HLOA 



»R" PCb/IO/M Ml WAIT RESET STB E5TT V C C VSS X, 
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Architecturally consistent with juPD7801/7802 devices, the /JPD7800 uses a slightly 
different pin-out to accommodate for the address bus and lack of on-chip clock 
generator. For complete juPD7800 functional operation, please refer to /iPD7801 
product information. Listed below are functional differences that exist between 
MPD7800and/LtPD7801 devices. 

/HPD7800/7801 Functional Differences 

1. The functionality of juPD7801 Port E is somewhat different on the (UPD7800. 
Because the juPD7800 contains no program memory, the address bus is made 
accessible to address external program memory. Thus, lines normally used for Port 
E operation with the /IPD7801 are used as the address bus on the /iPD7800. ABrj- 
AB15 is active during memory access through 4095. 

2. Consequently Port E instructions (PEX, PEN, and PER) have different 
functionality. 

PEX Instruction — The contents of B and C register are output to 1 :he address bus. 

The value 01 H is output to the data bus. STB becomes active. 

PEN Instruction — B and C register contents are output to the address bus. The 

value 02H is output to the data bus. STB becomes active. 

PER Instruction — The address bus goes to the high impedance state. The value 

04H is output to the data bus. STB becomes active. 

3. ON-CHIP CLOCK GENERATOR. The jiPD7800 contains no internal clock gener- 
ator. An external clock source is input to the Xi input. 

4. PIN 30. This pin functions as the X2 crystal connection on the jx p O7801. On the 
juPD7800, pin 30 functions as a strobe output (STB) and becomes active when a 
Port E instruction is executed. This control signal is useful in simulating jzPD7801 
Port E operation — indicating that a port E operation is being performed. 

5. PIN 2. Functions as the $ out clock output used for synchronizing system external 
memory and I/O devices, on the //PD7801. On the juPD7800, this_pin is used to 
simulate external memory reference operation of the MPD7801. EXT is used to 
distinguish between internal and external memory references and goes low when 
location 4096 through 65407 are accessed. 



FUNCTIONAL DESCRIPTION 



RECOMMENDED CLOCK DRIVE CIRCUIT 

0.1 (IF 



— vv\ — I 



I — r-E J "gx^ o- 



CK 



LS74 
D ff 



— i 21 
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ABSOLUTE MAXIMUM Operating Temperature -10°C to +70°C 

RATINGS* Storage Temperature -65°C to +150°C 

Voltage On Any Pin . -0.3V to +7.0V 

T a = 25°C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



DC CHARACTERISTICS T a - -io°c ~ +70°c, v C c = +5.ov ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 







0.8 


V 




Input High Voltage 


V|H1 


2.0 




v C c 


V 


Except SCK, X1 


V IH2 


3.8 




v C c 


V 


§C"R, X1 


Output Low Voltage 


vol 






0.45 


V 


Iql * 2.0 mA 


Output High Voltage 


vom 


2.4 






V 


lOH " -100 mA 


v OH2 


2.0 






V 


'OH =-500/iA 


Low Level Input Leakage Current 


"LIL 






-10 


MA 


V| N >0V 


High Level Input Leakage Current 


'LIH 






10 


m a 


V|N " V CC 


Low Level Output Leakage Current 


•lol 






-10 


m a 


VOUT = 0.45V 


High Level Output Leakage Current 


•loh 






10 


ma 


VOUT " Vcc 


Vcc Power Supply Current 


•cc 




110 


200 


mA 






CAPACITANCE T a -25°C,V C C-GND = 0V 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






10 


pF 


fc = 1 MHz 
All pins not : 
under test at 0V 


Output Capacitance 


Co 






20 


pF 


Input/Output Capacitance 


ClO 






20 


pF 
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-10°C to +70° C, Vcc " +5.0V ± 10% 

CLOCK TIMING 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 




TEST 
CONDITIONS 


MIN 


MAX 


UMTS 


XouT Cycle Time 


*CYX 


454 


2000 


ns 


tCYX 


XouT Low Level Width 


tXXL 


212 




ns 


*XXL 


XQUTHigh Level Width 


tXXH 


212 




ns 


*XXH 



READ/WRITE OPERATION 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN I MAX 


TTP L.E. -+ X OUT L.E. 


tRX 


20 




r*s 


tCYX "500 ns 


Address (PEo-1 5) -*■ Data 
Input 


tAD1 




550 + 500 x N 


rs 


RD~T.E. -*■ Address 


*RA 


200<T3); 700(T4) 




ns 


RD~L.E.-* Data Input 


tRD 




350 + 500 xN 


ris 


TfD~T.E. -* Data Hold 
Time 


tRDH 







ns 


"RTF Low Level Width 


tRR 


850 + 500 x N 




ns 


RD"L.E.->WAlf L.E. 


tRWT 




450 


ns 


Address (PEo-1 5) -* 
WAIT L.E. 


*AWT1 




650 


ns 


WAIT Set Up Time 
(Referenced from 
X OUT L.E.) 


tWTS 


180 




ns 


wAlf Hold Time 
(Referenced from 
x OUT L - E -> 


tWTH 







is 


mwRB l.e. 


*MR 


200 




ns 


RDT.E.-»-M1 


tRM 


200 




ns 


IO/M-+RDL.E. 


t|R 


200 




ns 


TOT.E.-HO/M" 


*RI 


200 




ns 


X 0UT L.E.-»WR L.E. 


txw 




270 


ns 


Address (PEo-1 5) -* 
x OUT T.E. 


tAX 




300 


ns 


Address (PEo-1 5) -» 
Data Output 


tAD2 


450 




ns 


Data Output -»"WR" 
T.E. 


tQW 


600 + 500 x N 




ns 


WR T.E. -»■ Data 
Stabilization Time 


tWD 


150 




ns 


Address (PErj-1 5) -» 
WR L.E. 


tAW 


400 




ns 


WR T.E. -* Address 
Stabilization Time 


*WA 


200 




ns 


WR Low Level Width 


tww 


600 + 500 x N 




ns 


lO/Vr-WR L.E. 


t|W 


500 




ns 


WR T.E. -MO/FT 


tWI 


250 




ns 
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AC CHARACTERISTICS 
(CONT.) 



SERIAL I/O OPERATION 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


CONDITION 


SCK Cycle Time 


tCYK 


800 




ns 


SCK Input 


900 


4000 


ns 


SCK Output 


SCK Low Level Width 


tKKL 


350 




ns 


SCK Input 


400 




ns 


SCK Output 


SCK High Level Width 


tKKH 


350 




ns 


SCK Input 


400 




ns 


SCK Output 


SI Set-Up Time (referenced from SCK T.E.) 


tSIS 


140 




ns 




SI Hold Time (referenced from SCK T.E.) 


tSIH 


260 




ns 


1CK L.E. -*• SO Delay Time 


tKO 




180 


ns 


"S"CS~High ->■ SCK L.E. 


tCSK 


100 




ns 


SCK T.E. -SCS Low 


tKCS 


100 




ns 


SCKT.E.-*-SAK Low 


tKSA 




260 


ns 



PEN, PEX, PER OPERATION 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


CONDITION 


X) L.E. -+ EXT 


tXE 




250 


ns 


trjYX = 500 ns 


Address (ABo-1 5) -► STB L.E. 


tAST 


200 






Data (DBo-7>-»STB L.E. 


tDST 


200 






STB Hold Time 


tSTST 


300 






STB -* Data 


tSTD 


400 







HOLD OPERATION 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


CONDITION 


HOLD Set-Up Time (referenced from 
X OUT L.E.) 


tHDSi 


100 




ns 




tHDS 2 


100 




ns 


HOLD Hold Time (referenced from 0OUT 
L.E.) 


tHDH 


100 




ns 


X 0(JT L.E.-»-HLDA 


tXHA 




100 


ns 


HLDA High -*■ Bus Floating (High Z State) 


tHABF 


-150 


150 


ns 


H LD A Low -»■ Bus Enable 


tHABE 




350 


ns 




Notes: 



(T) AC Signal waveform (unless otherwise specified) 



2.4' 



0.45' 






MEASURING 
POINTS 




(2) Output Timing is measured with 1 TTL + 200 pF measuring points are Voh = 2 -0 v 

vol = o.8v 

(3) L.E. = Leading Edge, T.E. = Trailing Edge 
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t CY x DEPENDENT AC PARAMETERS 



PARAMETER 


EQUATION 


MIN/MAX 


UNIT 


tRX 


(1/25) T 


MIN 


ns 


x ADi 


(3/2 + N)T- 200 


MAX 


ns 


tRA (T 3 ) 


(1/2) T- 50 


MIN 


ns 


tRA < T 4> 


(3/2) T - 50 


MIN 


ns 


tRD 


(1 +N)T- 150 


MAX 


ns 


*RR 


(2 + N)T- 150 


MIN 


ns 


*RWT 


(3/2) T- 300 


MAX 


ns 


tAWTi 


(2)T- 350 


MAX 


ns 


*MR 


(1/2) T- 50 


MIN 


ns 


*RM 


(1/2) T- 50 


MIN 


ns 


t|R 


(1/2) T- 50 


MIN 


ns 


tRI 


(1/2) T- 50 


MIN 


ns 


*xw 


(27/50) T 


MAX 


ns 


tAD 2 


T- 50 


MIN 


ns 


tDW 


(3/2 + N)T- 150 


MIN 


ns 


%D 


(1/2) T- 100 


MIN 


ns 


tAW 


T- 100 


MIN 


ns 


%A 


(1/2) T- 50 


MIN 


ns 


tww 


(3/2 + N)T- 150 


MIN 


ns 


t|W 


T 


MIN 


ns 


twi 


(1/2) T 


MIN 


ns 


tHABE 


(1/2) T- 150 


MAX 


ns 


tAST 


(2/5) T 


MIN 


ns 


tDST 


(2/5) T 


MIN 


ns 


*STST 


(3/5) T 


MIN 


ns 


tSTD 


(4/5) T 


MIN 


ns 



Notes: (T) N = Number of Wait States 

© T = t C YX 

(3) Only above parameters are t^y^ dependent 

(4) When a crystal frequency other than 4 MHz Is used Uqyx = ^®0 ns ' 
the above equations can be used to calculate AC parameter 
values. 



AC CHARACTERISTICS 
(CONT.) 
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CLOCK TIMING 




READ OPERATION 



J \ f ^ 



t \ / \ ; l 



DATA INPUT 



WRITE OPERATION 



a t — N f 



-THAIT- 



c 



JT 




y s r 



Jr 



e? 
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SERIAL I/O OPERATION 



,r 






J- 



f 



X 



TIMING WAVEFORMS 
(CONT.) 



A -/ 



^^_ 



T 



PEN, PEX, PER OPERATION 



'S / \ / \ Y V 



-^ INVALID j ^ 



t 



-"-jiXE ■* 



-A 



-A 



HOLD OPERATION 



-T 2 (T,I— 4« 


T 3 (T,I m\ 




T 4 {T 3 |— 




*■ T HO LO *f* 


— — Tholo—— ^f* ~ Tholc 


— H 


K-ti — 


A /- 


\ 




V 


' 


X ■ ' 


F 


'HOS2 




1 




>HDSiW-* 




■HOH 










/ 


< 




I \ 
















K-XHA 










—\ I 




' 






















)•* «HA9F 








*-t H AB 


J"" 
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PACKAGE OUTLINE 
/xPD7800Q 

Use. I.C. Socket NP32-6407SG4. 



H PD7800 





(Unit: mm) 



rF=^i 



<• 18.0 -20.1- 

23.1 ~ 25.2- 



-0.25±SJ° 



7800DS-REV1-1 2-81-CAT 
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NEC Electronics US. A. Inc. 

Microcomputer Division 



pPD7801 



HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER 
WITH 4K ROM 



PRODUCT DESCRIPTION 



The NEC mPD7801 is an advanced 8-bit general purpose single-chip microcomputer fabricated with 
N-Channel Silicon Gate MOS technology. 

The NEC /uPD7801 is intended to serve a broad spectrum of 8-bit designs ranging from enhanced 
single chip applications extending into the multi-chip microprocessor range. All the basic functional 
blocks -4096 x 8 of ROM program memory, 128 x 8 of RAM data memory, 8-bit ALU, 48 I/O 
lines, Serial I/O port, 12-bit timer, and clock generator are provided on-chip to enhance stand-alone 
applications. Fully compatible with the industry standard 8080A bus structure, expanded system 
operation can be easily implemented using any of the 8080A/8085A peripherals and memory 
products. Total memory space can be increased to 64K bytes. 

The powerful 140 instruction set coupled with 4K bytes of ROM program memory and 128 bytes 
of RAM data memory greatly extends the range of single chip microcomputer applications. Five 
level vectored interrupt capability combined with a 2 microsecond cycle time enable the /iPD7801 
to compete with multi-chip microprocessor systems with the advantage that most of the support 
functions are on-chip. 

FEATURES • NMOS Silicon Gate Technology Requiring +5V Supply 

• Complete Sinqle-Chip Microcomputer with On-Chip ROM, RAM and I/O 

- 4K Bytes ROM 

- 128 Bytes RAM 

- 48 I/O Lines 

• Internal 12-Bit Programmable Timer 

• On-Chip 1 MHz Serial Port 

• Five Level Vectored, Prioritized Interrupt Structure 

— Serial Port 

— Timer 

— 3 External Interrupts 

• Bus Expansion Capabilities 

- Fully 8080A Bus Compatible 

— 60K Bytes External Memory Address Range 

• On-Chip Clock Generator 

• Wait State Capability 

• Alternate Z80™ Type Register Set 

• Powerful 140 Instruction Set 

• 8 Address Modes; Including Auto-Increment/Decrement 

• Multi-Level Stack Capabilities 

• Fast 2 ms Cycle Time 

• Bus Sharing Capabilities 



PIN CONFIGURATION pe 15 /ab 15 

0OUT[ 
DB7 
DB 6 I 
OB5 
DB 4 ( 
DB3 
DB 2 t 
DB1 

DB [ 
INT2 
INTH 
INTO 
WAITT 



64 


3 VCC ( + 5V) 


63 


=3 PE 14 /AB 14 


62 


3 PE 13 /AB 13 


61 


Z3PE 12 /AB 12 


60 


3 PEn/ABn 


59 


;Z3PE 10 /AB 10 


58 


3 PEg/ABg 


57 


=3 PE 8 /AB 8 


56 


3 PE7/AB7 


55 


ZD PE 6 /AB 6 


54 


3 PE 5 /AB 5 


53 


^3 PE4/AB4 


52 


3 PE3/AB3 


51 


ITD PE 2 /AB 2 


50 


3 PEt/ABt 


49 


Z3 PE /AB 


48 


3 PB 7 


47 


rZ3PB 6 


46 


3 PB5 


45 


ZZIPB4 


44 


3 PB3 


43 


33PB2 


42 


3 PB-i 


41 


Z3PB0 


40 


2 PA7 


39 


ZHPA 6 


38 


3 PA5 


37 


ZZJPA4 


36 


3 PA3 


35 


r^PA 2 


34 


3 PA1 


33 


a p Ao 




TM: Z80 is a registered trademark of Zilog, Inc. 
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PIN NO. 


DESIGNATION 


FUNCTION 


1,49-63 


PE /ABo- 


(Tri-State, Output) 16-bit address bus. 


2 


PE15/AB15 
0OUT 


(Output) 0OUT provides a prescaled output clock 
for use with external I/O devices or memories. 
0OUT frequency is fXTAl_/2. 


3-10 


DB0-DB7 


(Tri-State Input/Output, active high) 8-bit true 
bi-directional data bus used for external data 
exchanges with I/O and memory. 


11 


INTo 


(Input, active high) Level-sensitive interrupt input. 


12 


INT1 


(Input, active high) Rising-edge sensitive interrupt 
input. Interrupts are initiated on low-to-high transi- 
tions, providing interrupts are enabled. 


13 
14 


INT2 


(Input) INT2 is an edge sensitive interrupt input 
where the desired activation transition is pro- 
grammable. By setting the ES bit in the Mask 
Register to a 1, INT2 is rising edge sensitive. When 
ES is set to 0, INT2 is falling edge sensitive. 


WAIT 


(Input, active low) WAIT, when active, extends 
read or write timing to interface with slower 
external memory or I/O. WAlt is sampled at 
the end of T2, if active processor enters a wait 
state TW and remains in that state as long as 
WAIT is active. 


15 


M1 


(Output, active high) when active, M1 indicates 
that the current machine cycle is an OP CODE 
FETCH. 


16 


WR 


(Tri-State Output, active low) WR, when active, 
indicates that the data bus holds valid data. Used 
as a strobe signal for external memory or I/O write 
operations. WR goes to the high impedance state 
during HALT, HOLD, or RESET. 


17 


RD 


(Tri-State Output, active low) R~I5 is used as a 
strobe to gate data from external devices onto the 
data bus. RD" goes to the high impedance state 
during HALT, HOLD, and RESET. 


18-25 


PC0-PC7 


(Input/Output) 8-bit I/O configured as a nibble 
I/O port or as control lines. 


26 


SCK 


(Input/Output) SCK provides control clocks for 
Serial Port Input/Output operations. Data on the 
SI line is clocked into the Serial Register on the ris- 
ing edge. Contents of the Serial Register is clocked 
onto SO line on falling edges. 


27 


SI 


(Input) Serial data is input to the processor 
through the SI line. Data is clocked into the Serial 
Register MSB to LSB with the rising edge of SCK. 


28 
29 


SO 


(Output) SO is the Serial Output Port. Serial data 
is output on this line on the falling edge of SCK, 
MSB to LSB. 


RESET 


(Input, active low) RESET initializes the nPD7801. 


30 


X2 


(Output) Oscillator output. 


31 


X1 


(Input) Clock Input. 


33-40 


PA0-PA7 


(Output) 8-bit output port with larch capability. 


41-48 


PB0-PB7 


(Tri-State Input/Output) 8-bit programmable I/O 
port. Each line configurable independently as an 
input or output. 
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BLOCK DIAGRAM 



o — — » 

O " 




TB 15 



in i ii ri r ji 



Wh PC 5 /lO/M Mf WAIT RESff 



FUNCTIONAL 
DESCRIPTION 



Memory Map 

The #PD7801 can directly address up to 64K bytes of memory. Except for the on-chip 
ROM (0-4095) and RAM (65,408-65,535), any memory location can be used as either 
ROM or RAM. The following memory map defines the 0-64K byte memory space for 
the juPD7801 showing that the Reset Start Address, Interrupt Start Address, Call 
Tables, etc., are located in the internal ROM area. 



4095 
4096' 



65,407 
65,409' 



INTERNAL 

ROM 

(0-4095) 



EXTERNAL,, 



INTERNAL 
RAM 




INTq 



HIGH ADDR 



HIGH ADDR 



HIGH ADDR 



USER'S 
AREA 




},-. 
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I/O Ports 



PORT 


FUNCTIONS 


Port A 


8-bit output port with latch 


Port B 


8-bit programmable Input/Output port w/latch 


PortC 


8-bit nibble I/O or Control port 


Port E 


16-bit Address/Output Port 



FUNCTIONAL 
DESCRIPTION 
(CONT.) 



Port A 

Port A is an 8-bit latched output port. Data can be readily tiansf erred between the 
a'ccumulator and the output latch buffers. The contents of the output latches can be 
modified using Arithmetic and logic instructions. Data remains latched at Port A unless 
acted on by another Port A instruction or a RESET is issued. 

Port B 

Port B is an 8-bit I/O port. Data is latched at Port B in both the Input or Output modes. 
Each bit of Port B can be independently set to either Input or Output modes. The 
Mode B register programs the individual lines of Port B to ba either an Input 
(Mode B n _ .J ) or an Output (Mode B n _ q). 

PortC 

Port C is an 8-bit I/O port. The Mode C register is used to program the upper 6 bits of 
Port C to provide control functions or to set the I/O structure per the following table. 





MODE C n = 


MODE C n = 1 


PCo 


Output 


Input 


PC! 


Output 


Input 


PC2 


SCS Input 


Input 


PC 3 


SAK Output 


Output 


PC4 


To Output 


Output 


PC5 


IO/M Output 


Output 


PC 6 


HLDA Output 


Output 


PC7 


HOLD Input 


Input 



Port E 

Port E is a 16-bit address bus/output port. It can be set to one of three operating modes 
using the PER, PEN, or PEX instructions. 

• 16-Bit Address Bus — the Per instruction sets this mode for use with external I/O or 
memory expansion (up to 60K bytes, externally). 

• 4-Bit Output Port/12 Bit Address Bus — the PEN instruction sets this mode which 
allows for memory expansion of up to 4K bytes, externally, plus the transfer of 4-bit 
nibbles. 

• 16-Bit Output Port — the PEX instruction sets Port E to a 16-bit output port. The con- 
tents of B and C registers appear on PE8-15 and PEq-7, respectively. 



272 



jiPD7801 



FUNCTIONAL Timer Operation 
DESCRIPTION 
(CONT.) 



PRE- 

SCALER 

(4 ms) 



12 BIT DOWN COUNTER 



s 



TIMER • REG 



JO 



-STM 



TIMER 
F/F 



-QTO 



BORROW 



TIMER 
REG 1 



3 INTERNAL BUS 



TIMER BLOCK DIAGRAM 

A programmable 12-bit timer is provided on-chip for measuring time intervals, generat- 
ing pulses, and general time-related control functions. It is capable of measuring time 
intervals from 4 /is to 16 /is in duration. The timer consists of a prescaler which 
decrements a 12-bit counter at a fixed 4 /is rate. Count pulses are loaded into the 
12-bit down counter through timer register (TMO and TM1). Count-down operation is 
initiated upon extension of the STM instruction when the contents of the down 
counter are fully decremented and a borrow operation occurs, an interval interrupt 
(INTT) is generated. At the same time, the contents of TMO and TM1 are reloaded 
into the down-counter and countdown operation is resumed. Count operation may be 
restarted or initialized with the STM instruction. The duration of the timeout may be 
altered by loading new contents into the down counter. 

The timer flip flop is set by the STM instruction and reset on a countdown operation. 
Its output (TO) is available externally and may be used in a single pulse mode or general 
external synchronization. 



Timer interrupt (INTT) may be disabled through the interrupt. 
Serial Port Operation 



-o-u 







■< 






i i i i r 



y- 



OTT 




SERIAL PORT BLOCK DIAGRAM 
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The on-chip serial port provides basic synchronous serial communication functions 
allowing the NEC /xPD7801 to serially interface with external devices. 

Serial Trans fers are synchronized with either the internal clock or an external clock 
input (SCK). The transfer rate is fixed at 1 Mbit/second if the internal clock is used 
or is variable between DC and 1 Mbit/second when an external clock is used. The 
Clock Source Select is determined by the Mode C register. The serial clock (internal 
or external SCK) is enabled when the Serial Chip Select Signal (SCS) goes low. At this 
time receive and transmit operations through the Serial Input port (SI (/Serial Output 
port (SO) are enabled. Receive and transmit operations are performed MSB first. 

Serial Acknowledge (SAK) goes high when data transfers between the accumulator 
and Serial Register is completed. SAK goes low when the buffer becomes full after 
the completion of serial data receive or transmit operations. While SAK is low, no 
further data can be received. 

Interrupt Structure 

The /xPD7801 provides a maskable interrupt structure capable of handling vectored 
prioritized interrupts. Interrupts can be generated from six different sources; three 
external interrupts, two internal interrupts, and non-maskable software interrupt. 
Each interrupt when activated branches to a designated memory vector location 
for that interrupt. 



FUNCTIONAL 
DESCRIPTION 
(CONT.) 



INT 


VECTORED MEMORY 
LOCATION 


PRIORITY 


TYPE 


I NTT 


8 


3 


Internal, Timer 
Overflow 


I NTS 


64 


6 


Internal, Serial 
Buffer Full/Empty 


INTO 


4 


2 


Ext., level sensitive 


INT1 


16 


4 


Ext, Rising edge 
sensitive 


INT2 


32 


5 


Ext., Rising/Falling 
edge sensitive 


SOFTI 


96 


1 


Software Interrupt 
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FUNCTIONAL 

DESCRIPTION 

(CONT.) 



REGISTERS 



RESET (Reset) 

An active low-signal on this input for more than 4 jus forces the ;uPD7801 
into a Reset condition. RESET affects the following internal functions: 

• The Interrupt Enable Flags are reset, and Interrupts are inhibited. 

• The Interrupt Request Flag is reset. 

• The HALT flip flop is reset, and the Halt-state is released. 

• The contents of the MODE B register are set to FFh, and Port B 
becomes an input port. 

• The contents of the MODE C register are set to FFh. Port C becomes 
an I/O port and output lines go low. 

• All Flags are reset to 0. 

• The internal COUNT register for timer operation is set to FFFh and the 
timer F/F is reset. 

• The ACK F/F is set. 

• TheHLDA F/F is reset. 

• The contents of the Program Counter are set to OOOOh. 

• The Address Bus (PErj-15), Data Bus (DBfj-7), RD, and WR~go to 
a high impedance state. 



Once the RESET input goes high, the program is started at location OOOOh. 
The /xPD7801 contains sixteen 8-bit registers and two 16-bit registers. 

15 



PC 



SP 



0! 




70 




7 


V 


A 



B 


C 


D 


E 


H 


L 



Main 




V 


A' 



B' 


C 


D' 


E' 


H' 


L* 



Alternate 



General Purpose Registers (B, C, D, E, H, L) 

There are two sets of general purpose registers (Main: B, C, D, E, H, L: 
Alternate: B', C, D', H', L'). They can function as auxiliary registers to the 
accumulator or in pairs as data pointers (BC, DE, HL, B'C, D'E', H'L'). Auto Incre- 
ment and Decrement addressing mode capabilities extend the uses for the DE, HL, 
D'E', and H'L' register-pairs. The contents of the BC, DE, and HL register-pairs 
can be exchanged with their Alternate Register counterparts using the EXX 
instruction. 
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Vector Register (V) 

When defining a scratch pad area in the memory space, the upper 8-bit memory 
address is defined in the V-register and the lower 8-bits is defined by the immediate 
data of an instruction. Also the scratch pad indicated by the V-register can be used 
as 256 x 8-bit working registers for storing software flags, parameters and counters. 

Accumulator (A) 

All data transfers between the /UPD7801 and external memory or I/O are done through 
the accumulator. The contents of the Accumulator and Vector Registers can be 
exchanged with their Alternate Registers using the EX instruction. 

Program Counter (PC) 

The PC is a 16-bit register containing the address of the next instruction to be 
fetched. Under normal program flow, the PC is automatically incremented. However, 
in the case of a branch instruction, the PC contents are from another register or 
an instruction's immediate data. A reset sets the PC to OOOOh. 

Stack Pointer (SP) 

The stack pointer is a 16-bit register used to maintain the top of the stack area (last- 
in-first-out). The contents of the SP are decremented during a CALL or PUSH 
instruction or if an interrupt occurs. The SP is incremented during a RETURN or 
POP instruction. 



FUNCTIONAL 
DESCRIPTION (CONT. 



Register Addressing 
Register Indirect Addressing 
Auto- Increment Addressing 
Auto-Decrement Addressing 
Register Addressing 



Working Register Addressing 
Direct Addressing 
Immediate Addressing 
Immediate Extendsd Addressing 



ADDRESS MODES 



OPCODE 



*- OPERAND 



The instruction opcode specifies a register r which contains the operand. 

Register Indirect Addressing 

rp memory 



OPCODE 




ADDRESS 




OPERAND 







The instruction opcode specifies a register pair which contains the memory address 
of the operand. Mnemonics with an X suffix are ending this address mode. 



Auto-Increment Addressing 
loPCODEJ 



rp 



ADDRESS 



A 



memory 
H oPERAND I 



The opcode specifies a register pair which contains the memory address of the, 
operand. The contents of the register pair is automatically incramented to point to 
a new operand. This mode provides automatic sequential stepping when working with 
a table, of operands. 
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ADDRESS MODES (CONT.) Auto-Decrement Addressing 



rp 



OPCODE 



ADDRESS 



Working Register Addressing 



PC 

PC+ 1 



OPCODE 



displacement 



V Register 
Contents 



15 



8 7 



/iPD7801 



memory 



OPERAND 



memory 



OPERAND 



The contents of the register is linked with the byte following the opcode to form a 
memory address whose contents is the operand. The V register is used to indicate 
the memory page. This address mode is useful as a short-offset address mode when 
working with operands in a common memory page where only 1 additional byte 
is required for the address. Mnemonics with a W suffix ending this address mode. 



Direct Addressing 



PC 


OPCODE 






PC+1 


Low Address 




operand 




PC + 2 


High Address 




1 byte 



Memory 



Low Operand 



High Operand 



OPCODE 



2 byte 

The two bytes following the opcode specify an address of a location containing the 

operand. 

Immediate Addressing 

PC 

PC+1 
Immediate Extended Addressing 

PC 

PC+1 

PC + 2 



OPERAND 




OPCODE 



Low Operand 



High Operand 
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Operand Description 



INSTRUCTION SET 



OPERAND 


DESCRIPTION 


r 

r1 

r2 


V, A, B,C, D, E, H, L 
B,C, D, E, H, L 
A, B, C 


sr 

sr1 

sr2 


PA PB PC MK MB MC TMO TM1 S 
PAPBPCMK S 
PAPBPCMK 


rp 
rp1 


SP, B, D, H 
V, B, D, H 


rpa 

rpal 

wa 


B, D, H,D+, H+, D-,H- 

B. D, H 

8 bit immediate data 


word 
byte 
bit 


16 bit immediate data 
8 bit immediate data 
3 bit immediate data 


f 


FO, F1,F2 ; FT, FS, 



Notes: 1, When special register operands sr, sr1, sr2 are used; PA=Port A, PB=Port B, 
PC=Port C, MK=Mask Register, MB=Mode B Register, MC=Mode C 
Register, TMO=Timer Register 0, TM 1 =Timer Register 1 , S=Serial Register. 

2. When register pair operands rp, rp1 are used; SP=Stack Pointer, B=BC, 
D=DE, H=HL, V=VA. 

3. Operands rPa,rPa1,wa are used in indirect addressing and auto-increment/ 
auto-decrement addressing modes. 

B=(BC), D=(DE), H=(HL) 

D+=(DE)+, H+=(HL)+, D-=(DE)-, H-=(HL)". 

4. When the interrupt operand f is used; F0=INTF0, F1 = INTF1, F2=INTF2, 
FT=INTFT, FSHNTFS. 
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INSTRUCTION GROUPS 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


CY 


Z 








8-BIT DATA TRANSFER 


MOV 


r1,A 


1 


4 


r1~A 








MOV 


A, r1 


1 


4 


A*-r1 








MOV 


sr, A 


2 


10 


sr *- A 








MOV 


A, srl 


2 


10 


A<-sr1 








MOV 


r, word 


4 


17 


r <- (word) 








MOV 


word, r 


4 


17 


(word)«-r 








MVI 


r, byte 


2 


7 


r «- byte 








. MVIW 


wa,byte 


3 


13 


(V, wa) «-byte 








MVIX 


rpal , byte 


2 


10 


(rpaD «-byte 








STAW 


wa 


2 


10 


(V, wa)*-A 








LDAW 


wa 


2 


10 


A-(V,wa) • 








STAX 


rpa 




' ■ 7 . 


(rpa) - A 








LDAX 


rpa 




7 


A «- (rpa) 








EXX 






4 


Exchange register sets 








EX 






4 


V, A«*V, A 








BLOCK 






13<C+1> 


(DE) + — (HL>+, C-C- 1 

I 








16-BIT DATA TRANSFER 


SBCD 


word 


4 


20 


(word) *- C, (word + 1 ) «- B 








SDED 


word 


4 


20 


(word) i- E, (word + 1 ) — D 








SHLD 


word 


4 


20 


(word) *- L, (word + 1 ) «- H 








SSPD 


word 


4 


20 


(word) «- SP|_, (word + 1 ) «- SPh 








LBCD 


word 


4 


20 


C <- (word), B «- (word + 1 ) 








LDED 


word 


4 


20 


E — (word), D <- (word + 1 ) 








LHLD 


word 


4 


20 


L <- (word), H ♦- (word + 1 ) 








LSPD 


word 


4 


20 


SPl — (word), SPh <- (word + 1 ) 








PUSH 


rp1 


2 


17 


(SP- D-i-rpln. <SP - 2) <- rp1 L 








POP 


rp1 


2 


15 


rplL*- (SP) 

rp1 H -(SP+ 1), SP-^SP + 2 








LXI 


rp, word 


3 


10 


rp «- word 








TABLE 




1 


19 


C i- (PC + 2 + A) 
B <- (PC + 2 + A + 1 ) 
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INSTRUCTION GROUPS (CONT. 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


CY 


z 


ARITHMETIC 


ADD 


A, r 


2 


8 


A«-A + r 




X 


X 


ADD 


r,A 


2 


8 


r«-r + A 




X 


X 


ADDX 


rpa 


2 


11 


A<- A + (rpa) 




X 




ADC 


A, r 


2 


8 


A-A + r + CY 




X 




ADC 


r, A 


2 


8 


r<-r + A + CY 




t 




ADCX 


rpa 


2 


11 


A «- A + (rpa) + CY 




t 




SUB 


A, r 


2 


8 


A-A- r 




t 




SUB 


r. A 


2 


8 


r-r-A 




t 




SUBX 


rpa 


2 


11 


A *- A - (rpa) 




t 




SBB 


A, r 


2 


8 


A «- A - r - CY 




t 




SBB 


r, A 


2 


8 


r - r - A - CY 




t 




SBBX 


rpa 


2 


11 


A «- A - (rpa) - CY 




t 




ADDNC 


A,r 


2 


8 


A-A + r 


No Carry 


t 




ADDNC 


r, A 


2> 


8 


r «- r + A 


No Carry 


t 




ADDNCX 


rpa 


2 


11 


A+-A+ (rpa) 


No Carry 


t 




SUBNB 


A, r 


2 


8 


A*-A-r 


No Borrow 


t 




SUBNB 


r, A 


2 


8 


r«-r- A 


No Borrow 


i 




SUBNBX 


rpa 


2 


11 


A«- A- (rpa) 


No Borrow 


t 




LOGICAL 


ANA 


A, r 


2 


8 


A«- A Ar 








ANA 


r,A 


2 


8 


r«-r AA 








ANAX 


rpa 


2 


11 


A «- A A (rpa) 








ORA 


A, r 


2 


8 


A<-Avr 








ORA 


r,A 


2 


8 


r «- r v A 








ORAX 


rpa 


2 


11 


A«- A v(rpa) 








XRA 


A, r 


2 


8 


A«-A Vr 








XRA 


r, A 


2 


8 


A<-r VA 








XRAX 


rpa 


2 


11 


A*- A V(rpa) 








GTA 


A, r 


2 


8 


A-r- 1 


No Borrow 


X 
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INSTRUCTION GROUPS (CONT. 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


CY 


Z 


LOGICAL (CONT.) 


GTAX 


rpa 


2 


11 


A - (rpa) - 1 


No Borrow 


X 




LTA 


A, r 


2 


8 


A- r 


Borrow 


X 




LTA 


r, A 


2 


8 


r- A 


Borrow 


X 




LTAX 


rpa 


2 


11 


A - (rpa) 


Borrow 


X 




ONA 


A, r 


2 


8 


AAr 


No Zero 






. ONAX 


rpa 


2 


11 


A A (rpa) 


No Zero 






OFFA 


A, r 


2 


8 


AAr 


Zero 




*. 


OFFAX 


rpa i 


2 


11 


A A (rpa) 


Zero 






NEA 


A, r 


2 


8 


A-r 


No Zero 


X 




NEA 


r, A 


2 


8 


r - A 


No Zero 


X 




NEAX 


rpa 


2 


11 


A - (rpa) 


No Zero 


X 




EQA 


A,r 


2 


8 


A-r 


Zero 


X 




EQA 


r,A 


2 


8 


r- A 


Zero 


X 




EQAX 


rpa 


2 


11 


A- (rpa) 


Zero 


X 




IMMEDIATE DATA TRANSFER (ACCUMULATOR) 


XRI 


A, byte 


2 


7 


A <- A V byte 








ADINC : 


A, byte 


2 


7 


A <- A + byte 


No Carry 


X 




SUINB 


A, byte 


2 


7 


A <- A -byte 


No Borrow 


X 




ADI 


A, byte 


2 


7 


A<-A + byte 




X 




AC I 


A, byte 


2 


7 


A <- A + byte + CY 




X 




SUI 


A, byte 


2 


7 


A <- A - byte 




X 




SB I 


A, byte 


2 




A <- A - byte - CY 




X 




ANI 


A, byte 


2 




A «- A A byte 








OR I 


A, byte 


2 




A<-AVbyte 








GTI 


A, byte 


2 




A - byte - 1 


No Borrow 


X 




LTI 


A, byte 


2 




A - byte 


Borrow 


X 




ONI 


A, byte 


2 




A A byte 


No Zero 






OFFI 


A, byte 


2 




A A byte 


Zero 






NEI 


A, byte 


2 




A - byte 


No Zero 


X 




EQI 


A, byte 


2 




A - byte 


Zero 


X 
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INSTRUCTION GROUPS (CONT. 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


cy| z 


IMMEDIATE DATA TRANSFER 


XRI 


r, byte 


3 


11 


r*-tV byte 






X 


ADINC 


r, byte 


3 


11 


r *- r + byte 


No Carry 


t 




SUINB 


r.byte 


3 


11 


r *- r - byte 


No Borrow 


t 




ADI 


r.byte 


3 


11 


r *- r + byte 




t 




AC I 


r.byte 


3 


11 


r «- r + byte + CY 




X 




SUI 


r, byte 


3 


11 


r «- r - byte 




X 




SBI 


r.byte 


3 


11 


r <- r- byte - CY 




X 




AN I 


r, byte 


3 


11 


r — r A byte 




X 




ORJ 


r, byte 


3 


11 


r <- r vbyte 








GTI 


r, byte 


3 


11 


r - byte - 1 


No Borrow 


X 




LTI 


r, byte 


3 


11 


r - byte 


Borrow 


X 




ONI 


r, byte 


3 


11 


r A byte 


No Zero 






OFFI 


r, byte 


3 


11 


r A byte 


Zero 






NEI 


r, byte 


3 


11 


r - byte 


No Zero 


X 




EQI 


r, byte 


3 


11 


r - byte Zero 


X 




1 
IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) 


XRI 


sr2, byte 


3 


17 


sr2 — sr2 V byte 








ADINC 


sr2, byte 


3 


17 


sr2 — sr2 + byte 


No Carry 


X 




SUINB 


sr2, byte 


3 


17 


sr2 — sr2 - byte 


No Borrow 


X 




ADI 


sr2,byte 


3 


17 


sr2 - sr2 + byte 




X 




AC I 


sr2,byte 


3 


17 


sr2 <- sr2 + byte + CY 




X 




SUI 


sr2, byte 


3 


17 


sr2 «- sr2 - byte 




X 




SBI 


sr2, byte 


3 


17 


sr2 i- sr2 - byte - CY 




X 




AN I 


sr2,byte 


3 


17 


sr2 *-sr2 A byte 








ORI 


sr2, byte 


3 


17 


sr2 — sr2 vbyte 








GTI 


sr2, byte 


3 


14 


sr2 - byte - i 


No Borrow 


X 




LTI 


sr2, byte 


3 


14 


sr2 - byte 


Borrow 


X 




ONI 


sr2, byte 


3 


14 


sr2A byte 


No Zero 







282 



fiPD7801 



INSTRUCTION GROUPS (CONT.) 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


CY 


z 


IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) (CONT.) 


OFFI 


sr2, byte 


3 


14 


sr2 A byte 


Zero 






NEI 


sr2, byte 


3 


14 


sr2 - byte 


No Zero 


X 




EQI 


sr2, byte 


3 


14 


sr2 - byte 


Zero 


X 




WORKING REGISTER 


XRAW 


wa 


3 


14 


A*-AV (V,wa) 








ADDNCW 


wa 


3 


14 


A- A + (V, wa) 


No Carry 


X 




SUBNBW 


wa 


3 


14 


A ~ A - (V, wa) 


No Borrow 


X 




ADDW 


wa 


3 


14 


A-A + (V, wa) 




X 




ADCW 


wa 


3 


14 


A^-A + (V,wa) +CY 




X 




SUBW 


wa 


3 


14 


A-A-(V,wa) 




X 




SBBW 


wa 


3 


14 


A <- A - (V, wa) - CW 




X 




ANAW 


wa 


3 


14 


A — AA(V,wa) 








ORAW 


wa 


3 


14 


A -A v IV,wa| 








GTAW 


wa 


3 


14 


A - (V, wa) - 1 


No Borrow 


X 




LTAW 


wa 


3 


14 


A - (V, wa) 


Borrow 


t 




ON AW 


wa 


3 


14 


A A(V, wa) 


No Zero 






OFFAW 


wa 


3 


14 


AA(V, wa) 


Zero 






NEAW 


wa 


3 


14 


A - (V, wa) 


No Zero 


X 




EQAW 


wa 


3 


14 


A- <V,wa) 


Zero 


X 




ANIW 


wa> byte 


3 


16 


(V, wa) — ( V, wa) a byte 








ORIW 


wa, byte 


3 


16 


(V, wa) <- (V, wa) Vbyte 








GTIW 


wa, byte 


3 


13 


(V, wa) - byte- 1 


No Borrow 


X 




LTIW 


wa, byte 


3 


13 


(V, wa) - byte 


Borrow 


X 




ONIW 


wa.byte 


3 


13 


(V, wa)A byte 


No Zero 






OFFIW 


wa, byte 


3 


13 


(V, wa)A byte 


Zero 






NEIW 


wa, byte 


3 


13 


(V, wa) - byte 


No Zero 


X 




EQIW 


wa, byte 


3 


13 


(V, wa) - byte 


Zero 


X 




INCREMENT/DECREMENT 


INR 


r2 


1 


4 


r2 <- r2 + 1 


Carry 






INRW 


, wa 


2 


13 


(V, wa) <- (V, wa) + 1 


Carry 







283 



fiPD7801 



INSTRUCTION GROUPS (CONT. 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


CY 


z 


INCREMENT/DECREMENT (CONT.) 


DCR 


r2 


1 


4 


r2 - r2 - 1 


Borrow 




t 


DCRW 


wa 


2 


13 


(V, wa)«- <V,wa)- 1 


Borrow 




X 


INX 


rp 


1 


7 


rp «- rp + 1 








DCX 


rp 


1 


7 


rp *- rp - 1 










DAA 




1 


4 


Decimal Adjust Accumulator 




. X 


X 


STC 




2 


8 


CY-1 




1 




CLC 




2 


8 


CY-0 









ROTATE AND SHIFT 


RLD 




2 


17 


Rotate Left Digit 








RRD 




2 


17 


Rotate Right Digit 








RAL 




2 


8 


Am + 1 - Am, Afj - CY, CY - A 7 








RCL 




2 


8 


Cm + 1- Cm, Co - CY, CY - C7 








RAR 




2 


8 


Am-K Am, A7 - CY, CY - Aq 








RCR 




2 


8 


Cm - 1 «- Cm, C7 - CY, CY ~ Co 








SHAL 




2 


8 


Am + 1 — Am, Ao — 0, CY «- A 7 








SHCL 




2 


8 


Cm + 1- CM, C - 0, CY - C7 








SHAR 




2 


8 


Am - 1 «- Am, A7 — 0, CY — Aq 








SHCR 




2 


8 


Cm - 1 - Cm, C7 «- 0, CY - Cq 








JUMP 


JMP 


word 


3 


10 


PC «- word 








JB 




1 


4 


PC H -B, PC|_--C 








JR 


word 


1 


13 


PC - PC + 1 + jdispl 








JRE 


word 


2 


13 


PC - PC .+ 2 + jdisp 








CALL 


CALL 


word 


3 


16 


(SP- 1)<-(PC-3) H , (SP-2) — 
(PC-3)l, PC-word 








CALB 




1 


13 


(SP- 1)-(PC- 1) H ,(SP-2)" 
(PC- 1) L , PCh-B,PCl«-C 








CALF 


word 


2 


16 


(SP-1)-(PC-2) H ,(SP-2)-(PC-2) L 
PC15- 11 -00001, PC10-0- fa 








CALT 


word 


1 


19 


(SP-1 MPC-1 ) H .(SP-2)HPC-1 ) L 
PC L -(128-2ta),PC H -(129+2ta> 








SOFTI 




1 


19 


(SP - 1 ) - PSW, SP - 2, (SP - 3) - PC 
PC-0060H, SIRQ-1 
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INSTRUCTION GROUPS (CONT.) 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


CY 


Z 


RETURN 


RET 




1 


11 


PC|_~ (SP),PCh^<SP + 1) 
SP «- SP - 2 








RETS 




1 


11+a 


PC L -(SP),PCH'-(SP+ 1), 
SP - SP + 2, PC - PC + n 








RETI 




1 


15 


PCl<-(SP),PCh~-<SP+ 1) 
PSV\MSP+2),SP*-SP+3,SIRQ*-0 








SKIP 


BIT 


bit, wa 


2 


10 


Bit test 


(V, wa)bj t 
= 1) 






SKC 




2 


S 


Skip if Carry 


CY = 1 






SKNC 




2 


8 


Skip if No Carry 


CY = 






SKZ 




2 


8 


Skip if Zero 


Z = 1 






SKNZ 




2 


8 


Skip if No Zero 


Z =0 






SKIT 


f 


2 


8 


Skip if INT X = 1, 
then reset INT X 


f = 1 






SKNIT 


f 


2 


8 


Skip if No INT X 
otherwise reset INT X 


f = 






CPU CONTROL 


NOP 




1 


4 


No Operation 








El 




2 


8 


Enable Interrupt 








Dl 




2 


8 


Disable Interrupt 








HLT 




1 


6 


Halt 








SERIAL PORT CONTROL 


SIO 




1 


4 


Start (Triggsr) Serial I/O 








STM 




1 


4 


Start Timer 








INPUT/OUTPUT 


IN 


byte 


2 


10 


ABi 5.8 -B,AB 7 o- byte 
A-DB7.0 








OUT 


byte 


2 


10 


ABi5.8*-B,AB70^byte 
DB7.0-A 








PEX 




2 


11 


PE 15 .8~B,PE7.0*-C 








PEN 




2 ' 


11 


PE15-I2-B7.4 








PER 




2 


11 


Port E AB Mode 
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Program Status Word (PSW) Operation 



OPERATION 




D6 


D5 


p* 


P? 


D2 


P9 


REG, MEMORY 


IMMEDIATE 


SKIP 


Z 


SK 


HC 


L1 


LO 


CY 


ADD 
ADC 
SUB 
SBB 


ADDW 
ADCW 
SUBW 
SBBW 


ADDX 
ADCX 
SUBX 
SBBX 


ADI 
AC I 
SUI 
SBI 






$ 





t 








t 


ANA 
ORA 
XRA 


ANAW 
ORAW 
XRAW 


ANAX 
ORAX 
XRAX 


ANI 
OR I 
XRI 


ANIW 
ORIW 




t 





• 








• 


ADDNC 
SUBNB 
GTA 
LTA 


ADDNCW 
SUBNBW 
GTAW 
LTAW 


ADDNCX 
SUBNBX 
GTAX 
LTAX 


ADINC 
SUINB 
GTI 
LTI 


GTIW 
LTIW 




t 


$ 


t 








t 


ONA 
OFFA 


ONAW 
OFFAW 


ONAX 
OFFAX 


ONI 
OFFI 


ONIW 
OFFIW 




t 


t 


• 








• 


NEA 
EQA 


NEAW 
EQAW 


NEAX 
EQAX 


NEI 
EQI 


NEIW 
EQIW 




t 


$ 


t 








t 


INR 
DCR 


INRW 
DCRW 










t 


t 


t 








• 


DAA 












t 





t 








I 


RAL, RAR, RCL, RCR 
SHAL. SHAR, SHCL, SHCR 





















t 


RLD, RRD 





















• 


STC 





















1 


CLC 


























MVI A, byte 











1 





• 




MVI L, byte 
LXI H.word 














1 


• 




BIT 

SKC 

SKNC 

SKZ 

SKNZ 

SKIT 

SKNIT 


• 


t 


• 








• 


RETS 


• 


1 


• 








• 


All other instructions 


• 





• 








• 



$ Flag affected according to result of operation 

1 Flag set 

Flag reset 

• Flag not affected 
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ABSOLUTE MAXIMUM Operating Temperature -10°Cto+70°C 

RATINGS* Storage Temperature '..'.' -65°C to +150°C 

Voltage On Any Pin -0.3V to +7.0V 

T a = 25°C 

♦COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



DC CHARACTERISTICS -io°cto+7o°c,Vcc = +5.ov ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 







0.8 


V 




Input High Voltage 


V|H1 


2.0 




vcc 


V 


Except SCK, X1 


V|H2 


3.8 




v C c 


V 


SCK, X1 


Output Low Voltage 


vol 






0.45 


V 


>OL = 2.0 mA 


Output High Voltage 


vohi 


2.4 






V 


'OH =-100nA 


V 0H2 


2.0 






V 


'OH = -500 mA 


Low Level Input Leakage Current 


"LIL 






-10 


ma 


V| N =0V 


High Level Input Leakage Current 


• lih 






10 


ma 


V|N = Vcc 


Low Level Output Leakage Current 


'lol 






-10 


ma 


VOUT = 0- 4 5V 


High Level Output Leakage Current 


'loh 






10 


ma 


VOUT " V CC 


Vcc Power Supply Current 


•cc 




110 


200 


mA 






CAPACITANCE T a = 25°c, v cc - gnd-ov 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






10 


PF 


fc = 1 MHz 
All pins not 
under test at 0V 


Output Capacitance 


Co 






20 


PF 


Input/Output Capacitance 


Cio 






20 


PF 
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-10°C to +70° C, Vcc - +5.0V ± 10% 



CLOCK TIMING 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


X1 Input Cycle Time 


tCYX 


227 


1000 


ns 




X1 Input Low Level 
Width 


tXXL 


106 




ns 


X1 Input High Level 
Width 


tXXH 


106 




ns 


0OUT Cycle Time 


l CY<t> 


454 


2000 


ns 


0OUT Low Level Width 


t00L 


150 




ns 


00 UT High Level Width 


*00H 


150 




ns 


0OUT Rise/Fall Time 


t r ,tf 




40 


ns 



READ/WRITE OPERATION 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS , 


MIN 


MAX 


TfD"L.E.-0oUTL.E. 


*R0 


100 




ns 


x CY<t> = 500 ns 


Address (PErj-15) -* Data 
Input 


tAD1 




550 + 500 x N 


ns 


HB"T.E. -> Address 


tRA 


200(T3);700(T4) 




ns 


RD L.E.-» Data Input 


tRD 




350 + 500 x N 


ns 


"RD~T.E.-+Data Hold 
Time 


tRDH 







hs 


RD Low Level Width 


tRR 


850 + 500 x N 




ns 


1*15" L.E.- WATT L.E. 


tRWT 




450 


ns 


Address (PE0.15) -+ 
WAIT L.E. 


tAWT1 




650 


ns 


WAIT Set Up Time 
(Referenced from 
*OUT L - E -> 


tWTS 


290 




rs 


^TATT Hold Time 
(Referenced from 
♦OUT L.E.) 


tWTH 







r<s 


M1 -i-RDl.E. 


*MR 


200 




ns 


rT5t.E.->-M1 


tRM 


200 




ns 


io/m"-rtjl.e. 


t|R 


200 




ns 


TOT.E.-HO/M 


tRI 


200 




ns 


0OUTL.E.-+WR L.E. 


t0W 


40 


125 


ns 


Address (PErj-15) ■* 
*OUT T - E - 


x A<t> 


100 


300 


ns 


Address (PE0-15) -»■ 
Data Output 


*AD2 


450 




ns 


Data Output -+ - WR~ 
T.E. 


tpw 


600 + 500 x N 




ns 


W T.E. - Data 
Stabilization Time 


tWD 


150 




ns 


Address (PEo-15) - * 
WffL.E. 


tAW 


400 




ns 


WR T.E. -* Address 
Stabilization Time 


tWA 


200 




ns 


WR Low Level Width 


tww 


600 + 500 x N 




us 


10/M^WR L.E. 


t|W 


600 




ns 


WRt.e.-io/m" 


twi 


250 




ns 
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AC CHARACTERISTICS 
(CONT.) 



SERIAL I/O OPERATION 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


CONDITION 


SCK Cycle Time 


*CYK 


800 




ns 


SCK Input 


900 


4000 


ns 


SCK Output 


SCK Low Level Width 


*KKL 


350 




ns 


SCK Input 


400 




ns 


SCK Output 


SCK High Level Width 


*KKH 


350 




ns 


SCK Input 


400 




ns 


SC*K Output 


SI Set-Up Time (referenced from SCK T.E.) 


tSIS 


140 




ns 




SI Hold Time (referenced from SCK T.E.) 


<SIH 


260 




ns 


SCR" L.E. -► SO Delay Time 


l KO 




180 


ns 


■gCS"High-^§CKL.E. 


tCSK 


100 




ns 


SC"KT.E.-*SCSLow 


»KCS 


100 




ns 


3c"KT.E.-+SAK.Low 


tKSA 




260 


ns 



HOLD OPERATION 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


CONDITION 


HOLD Set-Up Time (referenced from 
0OUT L.E.) 


tHDSi 


200 




ns 


tCY* " 500 ns 


tHDS2 


200 




ns 


HOLD Hold Time (referenced from 0OUT 
L.E.) 


*HDH 







ns 


0OUT L.E. -HLDA 


*DHA 


110 


too 


ns 


HLDA High -» Bus Floating (High Z State) 


*HABF 


-150 


150 


ns 


HLDA Low -*■ Bus Enable' 


tHABE 




350 


ns 



Notes : 



(?) AC Signal waveform (unless otherwise specified) 




MEASURING 
POINTS 



0.45 





(2) Output Timing is measured with 1 TT L + 200 pF measuring points are Voh " 2 -0V 

vol * o.8v 

(3) L.E. - Leading Edge, T.E. - Trailing Edge 
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tCYtf) 



DEPENDENT AC PARAMETERS 



PARAMETER 


EQUATION 


MIN/MAX 


UNIT 


tR0 


(175) T 


MIN 


ns 


^Dt 


(3/2 + N)T- 200 


MAX 


ns 


tRA<T 3 ) 


(1/2) T- 50 


MIN 


ns 


tRA(T4) 


(3/2) T - 50 


MIN 


ns 


tRD 


(1 +N)T- 150 


MAX 


ns 


tR R 


(2 + N)T- 150 


MIN 


ns 


tRWT 


(3/2) T- 300 


MAX 


ns 


tAWTi 


(2)T-350 


MAX 


ns 


*MR 


(1/2) T- 50 


MIN 


ns 


*RM 


(1/2) T- 50 


MIN 


ns 


t|R 


(1/2) T- 50 


MIN 


ns 


tRI 


(1/2) T- 50 


MIN 


ns 


tyw 


n/4)T ... 


MAX 


ns 


tA0 


(1/5) T 


MIN 


ns 


tAD 2 


T - 50 


MIN 


ns 


t DW 


(3/2 + N)T- 150 


MIN 


ns 


%D 


(1/2) T- 100 


MIN 


ns 


tAW 


T- 100 


MIN 


ns 


%A 


(1/2) T- 50 


MIN 


ns 


t ww 


(3/2 + N)T- 150 


MIN 


ns 


t|W 


T 


MIN 


ns 


%l 


(1/2) T 


MIN 


ris 


tHABE 


(1/2) T- 150 


MAX 


ns 



Notes: (T) N = Number of Wait States 
© T = t C Y0 
(3) Only above parameters are tQy. dependent 

@ When a crystal frequency other than 4 MHz is used (tcY<* " 500 ns) 
the above equations can be used to calculate AC parameter 
values. 



AC CHARACTERISTICS 
(CONT.) 



CLOCK TIMING 

-«CYX- 




TIMING WAVEFORMS 
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TIMING WAVEFORMS 
(CONT.) 



tCY0- 



Y 



\. 



J \_ 



READ OPERATION 



\ i \ / \ i \ r 



- ?rwt - 

- <AWTI • 



h - T - 4. 

r -i i r 



■ACTIVE ONLY WHEN IO/H IS ENABLED. 

WRITE OPERATION 

r 2 mfm T w a IT »4-* 



"A / \ / \ / 




•ACTlVe ONLY WHEN IO/KI IS ENABLED. 
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SERIAL I/O OPERATION 




TIMING WAVEFORMS 
(CONT.) 



HOLD OPERATION 



'Til _ , IT;I 



1 / \_ 



- T HOtD ■ ' "J — THOLD- 



-ThOLO ■+• — T i- 



"\_ 



tr 



Q 

^-«HABf-*-J 
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PACKAGE INFORMATION 
AtPD7801G-XXX 



XXX denotes mask number 
assigned by factory at time of 
code verification. 
Use. I.C. Socket NP32-64075G4. 



fiPD7801 





-24.13- 
-19.05- 



n^^n 



-18.0 -20.1- 
-23.1 ~ 25.2- 



(Unltimm) 



!*" ' 25± 0.05 




7801DS-Rev 1-1 2-81 -CAT 
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NEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



/iPD7802 



HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER 
WITH 6K ROM 



PRODUCT DESCRIPTION 



The NEC mPD7802 is an advanced 8-bit general purpose single-chip microcomputer fabricated with 
N-Channel Silicon Gate MOS technology. 

The NEC ;uPD7802 is intended to serve a broad spectrum of 8-bit designs ranging from enhanced 
single chip applications extending into the multi-chip microprocessor range. All the basic func- 
tional blocks — 6144 x 8 of ROM program memory, 64 x 8 of RAM data memory, 8-bit ALU, 48 
I/O lines, Serial I/O port, 1 2-bit timer, and clock generator are provided on-chip to enhance stand- 
alone applications. Fully compatible with the industry standard 8080A bus structure, expanded 
system operation can be easily implemented using any of the 8080A/8085A peripherals and 
memory products. Total memory space can be increased to 64K bytes. 

The powerful 140 instruction set coupled with 6K bytes of ROM program memory and 64 bytes 
of RAM data memory greatly extends the range of single chip microcomputer applications. Five 
level vectored interrupt capability combined with a 2 microsecond cycle time enable the mPD7802 
to compete with multi-chip microprocessor systems with the advantage that most of the support 
functions are on-chip. 

FEATURES • NMOS Silicon Gate Technology Requiring +5V Supply 

• Complete Single-Chip Microcomputer with On-Chip ROM, RAM and I/O 

- 6K Bytes ROM 

— 64 Bytes RAM . 

- 48 I/O "Lines 

• Internal 12-Bit Programmable Timer 

• On-Chip 1 MHz Serial Port 

• Five Level Vectored, Prioritized Interrupt Structure 

- Serial Port 

— Timer 

— 3 External Interrupts 

• Bus Expansion Capabilities 

- Fully 8080A Bus Compatible 

— 58K Bytes External Memory Address Range 

• On-Chip Clock Generator 

• Wait State Capability 

• Alternate Z80TM Type Register Set 

• Powerful 140 Instruction Set 

• 8 Address Modes; Including Auto-Increment/Decrement 

• Multi-Level Stack Capabilities 

• Fast 2 ms Cycle Time 

• Bus Sharing Capabilities 



PIN CONFIGURATION 



PE 15 /AB 15 £ 


1 


w 


64 


3 VCC (+5V) 


0OUTI 


2 




63 


Zm PE 14 /ABi4 


DB 7 C 


3 




62 


3 PE 13 /AB 13 


DB6Cr 


4 




61 


^3pe 12 /abi 2 


DB5 c 


5 




60 


3 PE^/ABn 


DB4CZ 


6 




59 


~JPE 10 /AB 10 


DB3 C 


7- 




58 


3 PEg/ABg 


DB2I 


8 




57 


=31 PEs/ABg 


DB1 n 


9 




56 


3 PE7/AB7 


DBOCZ 


10 


, 


55 


=3 PE 6 /AB 6 


INT2 C 


11 




54 


3 PE 5 /AB 5 


'NTH 


12 




53 


=1 PE4/AB4 


INTp C 
WAIT! 


13 
14 




52 

51 


3 PE3/AB3 
^PE 2 /AB 2 
-1 PEj/ABi 


Ml C 


15 


(iPD 
7802 


50 


vTRrzz 

TO c 


16 
17 


49 
48 


ZU PE /AB 
3 PB7 


pc7tz: 


18 




47 


rziPBe 


PC6 C 


19 




46 


3 PB5 


PCfil — 


20 




45 


133 PB4 


PC 4 C 


21 




44 


3 PB3 


PC3CZ 


22 




43 


ZDPB2 


PC2 C 


23 




42 


3 PB1 


PClCZ 


24 




41 


ZDPBO 


pco c 


25 




40 


3 PA7 


5CTt!r^- 


26 




39 


ZDPA 6 


si c 


27 




38 


J PA5 


so crz: 


28 




37 


^3PA4 


RlsFf c 


29 




36 


3 PA3 


X2CZ 


30 




35 


=3PA 2 


X1 c 


31 




34 


3 PA1 


VSS(OV) CZ 


32 




33 


r3PA0 


rk of Zilog, 


Inc. 










Rev/' 
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PIN NO. 


DESIGNATION 


FUNCTION 


1,49-63 


PEo/ABq- 


(Tri-State, Output) 16-bit addross bus. 


2 


PE 15 /ABi5 






0OUT 


(Output) 0OUT provides a prescaled output 
clock for use with external I/O devices or 
memories. 0OUT frequency is fXTAl_/2. 


3-10 


DB0-DB7 


{Tri-State Input/Output, active high) 8-bit true 
bi-directional data bus used for external data 
exchanges with I/O and memory. 


11 


INTo 


(Input, active high) Level -sensitive interrupt input. 


12 


INT1 


(Input, active high) Rising-edge sensitive interrupt 
input. Interrupts are initiated on low-to-high transi- 
tions, providing interrupts are enabled. 


13 


INT2 


(Input) INT2 is an edge sensitive interrupt input 
where the desired activation transition is pro- 
grammable. By setting the ES bit in the Mask 
Register to a 1, INT2 is rising udge sensitive. When 


14 




ES is set to 0, INT2 is falling edge sensitive. 


WAIT 


(Input, active low) WAIT, when active, extends 






read or write timing to interface with slower 






external memory or I/O. WAI'f is sampled at 






the end of T2, if active processor enters a wait 






state Tw and remains'in that state as long as 






WAIT is active. 


15 


M1 


(Output, active high) when active, M1 indicates 
that the current machine cycle- is an OP CODE 
FETCH. 


16 


WR 


(Tri-State Output, active low) WR, when active, 
indicates that the data bus holds valid data. Used 
as a strobe signal for external memory or I/O write 
operations. WR goes to the hiyh impedance state 
during HALT, HOLD, or RESET. 


17 


RD 


(Tri-State Output, active low) R~D" is used as a 
strobe to gate data from external devices onto the 
data bus. RD goes to the high impedance state 
during HALT, HOLD, and RESET. 


18-25 


PC0-PC7 


(Input/Output) 8-bit I/O configured as a nibble 
I/O port or as control lines. 


26 


SCK 


(Input/Output) SCK provides control clocks for 
Serial Port Input/Output operations. Data on the 
SI line is clocked into the Serai Register on the ris- 
ing edge. Contents of the Serial Register is clocked 
onto SO line on falling edges. 


27 


SI 


(Input) Serial data is input to the processor 
through the SI line. Data is clocked into the Serial 
Register MSB to LSB with th-j rising edge of SCK. 


28 


SO 


(Output) SO is the Serial Output Port. Serial data 
is output on this line on the falling edge of SCK, 


29 




MSB to LSB. 


RESET 


(Input, active low) RESET initializes the /xPD7802. 


30 


X2 


(Output) Oscillator output. 


31 


X1 


(Input) Clock Input 


33-40 


PA0-PA7 


(Output) 8-bit output port with latch capability. 


41-48 


PB0-PB7 


(Tri-State Input/Output) 8-bjt programmable I/O 
port. Each line configurable independently as an 
input or output. 



PIN DESCRIPTION 
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BLOCK DIAGRAM 



J/PD7802 




TU IT .-TJ7 i -i i Mill I 1 1 



BH PCg/IO/M M1 WAIT RESET 



FUNCTIONAL Memory Map 
DESCRIPTION 



The £iPD7802 can directly address up to 64K bytes of memory. Except for the on-chip 
ROM (0-6144) and RAM (65, 471-65, 535), any memory location can be used as 
either ROM or RAM. The following memory map defines the 0-64K byte memory 
space for the /xPD7802 showing that the Reset Start Address, Interrupt Start Address, 
Call Tables, etc., are located in the Internal ROM area. 



6144 
6145 



65, 470 
65,471 



INTERNAL 

ROM 

(0-6144) 



INTERNAL 
RAM 




INTp 



INTt 



INT 2 



HIGH ADDR 



HIGH ADDR 



HIGH ADDR 



USER'S 
AREA 




}.-. 



}-' 
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I/O PORTS 



PORT 



Port A 
Port B 
Port C 
Port E 



FUNCTIONS 



8-bit output port with latch 

8-bit programmable Input/Output port w/latch 

8-bit nibble I/O or Control port 

16-bit Address/Output Port 



FUNCTIONAL 
DESCRIPTION 
(CONT.) 



Port A 

Port A is an 8-bit latched output port. Data can be readily Iransf erred between the 
accumulator and the output latch buffers. The contents of the output latches can be 
modified using Arithmetic and Logic instructions. Data remains latched at Port A 
unless acted on by another Port A instruction or a RESET is issued. 

Port B 

Port B is an 8-bit I/O port. Data is latched at Port B in both the Input or Output modes. 
Each bit of Port B can be independently set to either Input or Output modes. The 
Mode B register programs the individual lines of Port B to be either an Input 
(Mode B n = 1 ) or an Output (Mode B n _ q). 

Port C 

Port C is an 8-bit I/O port. The Mode C register is used to program the upper 6 bits of 
Port C to provide control functions or to set the I/O structure per the following table. 





MODE C n = 


MODE C n = 1 


PCfj 


Output 


Input 


PC! 


Output 


Input 


PC2 


SCS Input 


Input 


PC 3 


SAK Output 


Output 


PC4 


To Output 


Output 


PC5 


I O/M Output 


Output 


PC 6 


HLDA Output 


Output 


PC7 


HOLD Input 


Input 



Port E 

Port E is a 16-bit address bus/output port. It can be set to one of three operating modes 
using the PER, PEN, or PEX instructions. 

• 16-Bit Address Bus — the PER instruction sets this mode for use with external I/O 
or memory expansion (up to 60K bytes, externally). 

• 4-Bit Output Port/12 Bit Address Bus — the PEN instruction sets this mode which 
allows for memory expansion of an additional 4K bytes, externally, plus the 
transfer of 4-bit nibbles. 

• 16-Bit Output Port - the PEX instruction sets Port E to a 16-bit output port. The con- 
tents of B and C registers appear on PEs-15 and PErj-7, respectively. 
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FUNCTIONAL TIMER OPERATION 

DESCRIPTION 
(CONT.) 



PRE- KJ 

SCALER '^ 
(4 ms) 



12 BIT DOWN COUNTER 



5 



TIMER REGO 



JO 



-STM 



H 



TIMER 
F/F 



BORROW 



TIMER 
REG1 



J INTERNAL BUS 



TIMER BLOCK DIAGRAM 

A programmable 1^-bit timers provided on-chip for measuring time intervals, generat- 
ing pulses, and general time-related control functions. It is capable of measuring time 
intervals from 4 us to 1 6 ms Jfl duration, The timer consists of a prescaler which 
decrements a 12-bit counter at a fixed 4 jus rate. Count pulses are loaded into the 
12-bit down counter through timer register (TMO and TM1). Count-down operation is 
initiated upon extension of the STM instruction when the contents of the down 
counter are fully decremented and a borrow operation occurs, an interval interrupt 
.( I NTT) is generated. At the same time, the contents of TMO and TM1 are reloaded 
into the down-counter and countdown operation is resumed. Count operation may be 
restarted or initialized with the STM instruction. The duration of the timeout may be 
altered by loading new contents into the down counter. 



The timer flip flop is set by the STM instruction and reset on a countdown operation. 
Its output (TO) is available externally and may be used in a single pulse mode or general 
external synchronization. 

Timer interrupt (I NTT) may be disabled through the interrupt. 

SERIAL PORT OPERATION 





SERIAL PORT BLOCK DIAGRAM 
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The on-chip serial port provides basic synchronous serial communication functions 
allowing the NEC /iPD7802 to serially interface with external devices. 

Serial Trans fers are synchronized with either the internal clock or an external clock 
input (SCK). The transfer rate is fixed at 1 Mbit/second if the internal clock is used 
or is variable between DC and 1 Mbit/second when an external clock is used. The 
Clock Source Select is determined by the Mode C register. The serial clock (internal 
or external SCK) is enabled when the Serial Chip Select Signal (SCS) goes low. At this 
time receive and transmit operations through the Serial Input port (Sl)/Serial Output 
port (SO) are enabled. Receive and transmit operations are performed MSB first. 

Serial Acknowledge (SAK) goes high when data transfers between the accumulator 
and Serial Register is completed. SAK goes low when the buffer becomes full after 
the completion of serial data receive or transmit operations. While SAK is low, no 
further data can be received. 

INTERRUPT STRUCTURE 

The MPD7802 provides a maskable interrupt structure capable of handling vectored 
prioritized interrupts. Interrupts can be generated from six different sources; three 
external interrupts/two internal interrupts, and a non-maskable software interrupt. 
Each interrupt when activated branches to a designated memory vector location 
for that interrupt. 



FUNCTIONAL 
DESCRIPTION 
(CONT.) 



INT 


VECTORED MEMORY 
LOCATION 


PRIORITY 


TYPE 


I NTT 


8 


3 


Internal, Timer 
Overflow 


I NTS 


64 


6 


Internal, Serial 
Buffer Full/Empty 


INTO 


4 


2 


Ext., level sensitive 


INT1 


16 


4 


Ext, Rising edge 
sensitive 


INT2 


32 


5 


Ext., Rising/Falling 
edge sensitive 


SOFTI 


96 


1 


Software Interrupt 
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FUNCTIONAL 

DESCRIPTION 

(CO NT.) 



RESEt (Rent) 

An active low-signal on this input for more than 4 /xs forces the/xPD7802 
into a Reset condition. RESET affects the following internal functions: 

• The Interrupt Enable Flags are reset, and Interrupts are inhibited. 

• The Interrupt Request Flag is reset. 

• The HALT flip flop is reset, and the Halt-state is released. 

• The contents of the MODE B register are set to FFh, and Port B 
becomes an input port. 

• The contents of the MODE C register are set to FFh. Port C becomes 
an I/O port and output lines go low. 

• All Flags are reset to 0. 

• The internal COUNT register for timer operation is set to FFFh and the 
timer F/F is reset. 

• The ACK F/F is set. 

• The HLD A F/F is reset. 

• The contents of the Program Counter are set to OOOOh. 

• The Address Bus (PEq-15), Data Bus (DBrj-7), ED", and WFFgo to 
a high impedance state. 

Once the RESET input goes high, the program is started at location OOOOh. 

REGISTERS The MPD7802 contains sixteen 8-bit registers and two 16-bit registers. 



15 



PC 



SP 








70 




7 


V 


A 



B 


C 


D 


E 


H 


L 



Main 




V A 



B' 


C 


D' 


E' 


H' 


L* 



Alternate 



General Purpose Registers (B, C, D, E, H, L) 

There are two sets of general purpose registers (Main: B, C, D, E, H, L: 
Alternate: B', C, D', H', L'). They can function as auxiliary registers to the 
accumulator or in pairs as data pointers (BC, DE, HL, B'C, D'E', H'L'). Auto Incre- 
ment and Decrement addressing mode capabilities extend the uses for the DE, HL, 
D'E', and H'L' register-pairs. The contents of the BC, DE, and HL register-pairs 
can be exchanged with their Alternate Register counterparts using the EXX 
instruction. 
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Vector Register (V) 

When defining a scratch pad area in the memory space, the upper 0-bit memory 
address is defined in the V-register and the lower 8-bits is defined by the immediate 
data of an instruction. Also the scratch pad indicated by the V-register can be used 
as 256 x 8-bit working registers for storing software flags, parameters and counters. 

Accumulator (A) 

All data transfers between the juPD7802and external memory or f/O are done through 
the accumulator. The contents of the Accumulator and Vector Registers can be 
exchanged with their Alternate Registers using the EX instruction, 

Program Counter (PC) 

The PC is a 16-bit register containing the address of the next instruction to be 
fetched. Under normal program flow, the PC is automatically Incremented. However, 
in the case of a branch instruction, the PC contents are from another register or 
an instruction's immediate data. A reset sets the PC to OOOOh- 

Stack Pointer (SP) 

The stack pointer is a 16-bit register used to maintain the top of the stack area (last- 
in-first-out). The contents of the SP are decremented during a CALL or PUSH 
instruction or if an interrupt occurs. The SP is incremented during a RETURN or 
POP instruction. 



FUNCTIONAL 
DESCRIPTION (CONT.) 



Register Addressing 
Register Indirect Addressing 
Auto- Increment Addressing 
Auto-Decrement Addressing 

Register Addressing 



Working Register Addressing 
Direct Addressing 
Immediate Address ng 
Immediate Extended Addressing 



ADDRESS MODES 



OPCODE 



OPERAND 



The instruction opcode specifies a register r which contains the operand. 

Register Indirect Addressing 

rp memory 



OPCODE 



ADDRESS 



OPERAND 



The instruction opcode specifies a register pair which contains the memory address 
of the operand. Mnemonics with an X suffix are ending this address mode. 



Auto-Increment Addressing 



rp 



memory 



OPCODE 



- H address] - 



£ 



(OPERAND 



The opcode specifies a register pair which contains the memory address of the 
operand. The contents of the register pair Is automatically Incremented to point to 
a new operand. This mode provides automatic sequential stepp ng when working with 
a table of operands. 



302 



pPD7802 



ADDRESS MODES (CONT.) Auto-Decrement Addressing 







rp 




memory 


OPCODE 




ADDRESS 




OPERAND 












n 






























i 





memory 



Working Register Addressing 



PC 
PC+ 1 



The contents of the register is linked with the byte following the opcode to form a 
memory address whose contents is the operand. The V register is used to indicate 
the memory page. This address mode is useful as a short-offset address mode when 
working with operands in a common memory page where only 1 additional byte 
is required for the address. Mnemonics with a W suffix ending this address mode. 



OPCODE 






V Register 










Contents 




displacement 








h 






15 "87 






























- « 





Direct Addressing 



PC 



PC+1 



PC + 2 



OPCODE 



Low Address 



High Address 



Memory 



ope rand | 
1 byte 



Low Operand 



High Operand 



2 byte 



OPCODE 



The two bytes following the opcode specify an address of a location containing the 
operand. 

Immediate Addressing 

PC 

PC + 1 
Immediate Extended Addressing 

PC 

PC + 1 
PC + 2 



OPERAND 




OPCODE 



Low Operand 



High Operand 
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Operand Description 



INSTRUCTION SET 



OPERAND 


DESCRIPTION 


r 


V, A, B, C, D, E, H, L 


r1 


B, C, D, E, H,L 


r2 


A, B, C 


sr 


PA PB PC MK MB MC TMG TM1 S 


sr1 


PA PB PC MK S 


sr2 


PAPBPCMK 


rp 


SP, B, D, H 


rp1 


V, B,D, H 


rpa 


B,D, H,D+, H+, D-,H- 


rpal 


B, D, H 


wa 


8 bit immediate data 


word 


16 bit immediate data 


byte 


8 bit immediate data 


bit 


3 bit immediate data 


f 


FO, F1.F2, FT, FS, 



Notes: 1. When special register operands sr, sr1, sr2 are used; PA=Port A, PB=Port B, 
PC=Port C, MK=Mask Register, MB=Mode B Register, MC=Mode C 
Register, TM0=Timer Register 0,TM1=Timer Register 1 , S=Serial Register. 

2. When register pair operands rp, rp1 are used; SP=Stack Pointer, B=BC, 
D=DE, H=HL,V=VA. 

3. Operands rPa,rPa1,wa are used in indirect addressing and auto-increment/ 
auto-decrement addressing modes. 

B-(BC), D-(DE), H=(HL) 

D+-(DE)+, H+=(HL)+, D-«(DE)", H-=(HL)". 

4. When the interrupt operand f is used; FO-INTFO, F1-INTF1, F2=INTF2, 
FT-INTFT, FS-INTFS. 
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INSTRUCTION GROUPS 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


CY 


Z 




8-BIT DATA TRANSFER 


MOV 


r1,A 


1 


4 


r1*-A 








MOV 


A, r1 


1 


4 


A— r1 








MOV 


sr, A 


2 


10 


sr <- A 








MOV 


A,sr1 


2 


10 


A-srl 








MOV ' 


r, word 


4 


17 


r *- (word) 








MOV 


word, r 


4 


17 


(word) «- r 








MVI 


r, byte 


2 


7 


r «- byte 








MVIW 


wa, byte 


3 


13 


(V, wa) «-byte 








MVIX 


rpal , byte 


2 


10 


(rpaD <-byte 








STAW 


wa 


2 


10 


(V, wa) - A 








LDAW 


wa 


2 


10 


A - (V, wa) 








STAX 


rpa 




7 


(rpa) «- A 








LDAX 


rpa 




7 


A «- (rpa) 








EXX 






4 


Exchange register teti 








EX 






4 


V, A ** V, A 








BLOCK 






13(C+1) 


(DE)+-(HL) + ,C«-C-1 








16-BIT DATA TRANSFER 


SBCO 


word 


4 


20 


(word) *- C, (word + 1 ) *- B 








SOEO 


word 


4 


20 


(word) «- E, (word + 1 ) «- D 








SHLD 


word 


4 


20 


(word) «- L, (word + 1 ) «- H 








SSPD 


word 


4 


20 


(word) «- SPl, (word + 1 1 «- SPh 








LBCD 


word 


4 


20 


C «- (word), B «- (word + 1 ) 








LDED 


word ' 


4 


20 


E ♦- (word), D *- (word + 1 ) 








LHLD 


word 


4 


20 


L«-(word), H«-(word + 1) 








LSPD 


word 


4 


20 


SPl — (word), SPh *- (word + 1 ) 








PUSH 


rp1 


2 


17 


(SP - 1 ) «- rp1 H , (SP - 2) - rpl L 








POP 


rp1 


2 


15 


rp1 L ^(SP) 

rplH < -(SP + D,SP*-SP + 2 








LXI 


rp, word 


3 


10 


rp *- word 








TABLE 




1 


19 


C ^ (PC + 2 + A) 
B ♦- (PC + 2 + A + 1 ) 
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MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


CY 


z 


ARITHMETIC 


ADD 


A, r 


2 


8 


A«- A + r 








ADD 


r, A 


2 


8 


r <-r + A 








ADDX 


rpa 


2 


11 


A «- A + (rpa) 








ADC 


A, r 


2 


8 


A«- A + r +CY 








ADC 


r, A 


2 


8 


r-r+ A+CY 








ADCX 


rpa 


2 


11 


A - A + (rpa) + CY 








SUB 


A, r 


2 


8 


A-A- r 








SUB 


r, A 


2 


8 


r-r- A 








SUBX 


rpa 


2 


11 


A«- A- (rpa) 








SBB 


A, r 


2 


8 


A-A- r-CY 








SBB 


r, A 


2 


8 


r «- r - A - CY 








SBBX 


rpa 


2 


11 


A-A - (rpa) - CY 








ADDNC 


A, r 


2 


8 


A-A + r 


No Carry 






ADDNC 


r, A 


2 


8 


r«-r + A 


No Carry 






ADDNCX 


rpa 


2 


11 


A — A + (rpa) 


No Carry 






SUBNB 


A, r 


2 


8 


A«-A-r 


No Borrow 






SUBNB 


r, A 


2 


8 


r«-r- A 


No Borrow 






SUBNBX 


rpa 


2 


11 


A *- A - (rpa) 


No Borrow 






LOGICAL 


ANA 


A, r 


2 


8 


A — A A r 








ANA 


r,A 


2 


8 


r-rAA 








ANAX 


rpa 


2 


11 


A — A A (rpa) 








ORA 


A, r 


2 


8 


A *- Av r 








ORA 


r,A 


2 


8 


r «- r vA 








ORAX 


rpa 


2 


11 


A «- A v (rpa) 








XRA 


A, r 


2 


8 


A- A V r 








XRA 


r, A 


2 


8 


A<-rVA 








XRAX 


rpa 


2 


11 


A-A V (rpa) 








GTA 


A, r 


2 


8 


A- r- 1 


No Borrow 


X 





INSTRUCTION GROUPS (CONT. 
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INSTRUCTION GROUPS (CONT. 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


CY 


z 


LOGICAL (CONT.) 


GTAX 


rpa 


2 


11 


A - (rpa) - 1 


No Borrow 


t 




LTA 


A,r 


2 


8 


A-r 


Borrow 


t 




LTA 


r,A 


2 


8 


r- A 


Borrow 


t 




LTAX 


rpa 


2 


11 


A - (rpa) 


Borrow 


t 




ONA 


A, r 


2 


8 


AAr 


No Zero 






ONAX 


rpa 


2 


11 


A A (rpa) 


No Zero 






OFFA 


A, r 


2 


8 


AAr 


Zero 






OFFAX 


rpa 


2 


11 


A A (rpa) 


Zero 






NEA 


A,r 


2 


8 


A- r 


No Zero 


t 




NEA 


r, A 


2 


8 


r- A 


No Zero 


t 




NEAX 


rpa 


2 


11 


A -(rpa) 


No Zero 


t 




EQA 


A,r 


2 


8 


A-r 


Zero 


t 




EQA 


r,A 


2 


8 


r- A 


Zero 


t 




EQAX 


rpa 


2 


11 


A - (rpa) 


Zero 


t 




IMMEDIATE DATA TRANSFER (ACCUMULATOR) 


XRI 


A, byte 


2 




A *- A V byte 








ADINC 


A, byte 


2 




A *- A + byte 


No Carry 


t 




SUINB 


A, byte 


2 




A «- A - byte 


No Borrow 


* 




ADI 


A, byte 


2 




A ♦- A + byte 




t 




ACI 


A, byte 


2 




A *- A + byte + CY 




t 




SUI 


A, byte 


2 




A «- A - byte 




t 




SBI 


A, byte 


2 




A *- A - byte - CY 




t 




ANI 


A, byte 


2 




A«-AAbyte 








ORI 


A, byte 


2 




A*-Avbyte 








GTI 


A, byte 


2 




A - byte - 1 


No Borrow 


t 




LTI 


A, byte 


2 




A - byte 


Borrow 


t 




ONI 


A, byte 


2 




A A byte 


No Zero 






OFFI 


A, byte 


2 




A A byte 


Zero 






NEI 


A, byte 


2 




A - byte 


No Zero 


X 




EQI 


A, byte 


2 




A - byte 


Zero 


t 
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INSTRUCTION GROUPS (CONT. 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


cy|z 


IMMEDIATE DATA TRANSFER 


XRI 


r, byte 


3 


11 


r*-rV byte 








ADINC 


r, byte 


3 


11 


r «- r + byte 


No Cerry 


t 




SUINB 


f. byte 


3 


11 


r *- r - byte 


No Borrow 


t 




ADI 


r, byte 


3 


11 


r «- r + byte 




t 




ACI 


r.byte 


3 


11 


r «- r + byte + CY 




t 




SUI 


r, byte 


3 


11 


r «- r - byte 




t 




SBI 


r, byte 


3 


11 


r *- r - byte - CY 




t 




ANI 


r.byte 


3 


11 


r *- r A byte 




t 




ORJ 


r, byte 


3 


11 


r «- r v byte 








GTI 


r, byte 


3 


11 


r - byte — 1 


No Borrow 


t 




LTI 


r, byte 


3 


11 


r - byte 


Borrow 


X 




ONI 


r, byte 


3 


11 


r A byte 


No Zero 






OFFI 


r, byte 


3 


11 


r a byte 


Zero 






NEI 


r, byte 


3 


11 


r - byte 


No Zero 


t 




EQI 


r, byte 


3 


11 


r - byte 


Zero 


t 




IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) 


XRI 


sr2, byte 


3 


17 


sr2 — sr2 V byte 








ADINC 


sr2, byte 


3 


17 


»r2 «- Jr2 + byte 


No Carry 


t 




SUINB 


sr2, byte . 


3 


17 


sr2 *- sr2 - byte 


No Borrow 


t 




ADI 


sr2, byte 


3 


17 


ir2 «- «r2 + byte 




t 




ACI 


«r2, byte 


3 


17 


sr2 «- sr2 + byte + CY 




t 




SUI 


sr2, byte 


3 


17 


sr2 «- *r2 - byte 




X 




SBI 


sr2, byte 


3 


17 


Jr2 «- $r2 - byte - CY 




X 




ANI 


sr2, byte 


3 


17 


sr2 «- sr2 A byte 








ORI 


sr2, byte 


3 


17 


sr2 *- sr2 v byte 








GTI 


sr2, byte 


3 


14 


sr2 - byte - 1 


No Borrow 


X 




LTI 


sr2, byte 


3 


14 


sr2 - byte 


Borrow 


X 




ONI 


sr2, byte 


3 


14 


sr2Abyte 


No Zero 
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INSTRUCTION GROUPS (CONT.) 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


Ty" 


z 


IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) (CONT.) 


OFFI 


sr2, byte 


3 


14 


sr2 a byte 


Zero 






NEI 


sr2, byte 


3 


14 


sr2 - byte 


No Zero 


t 




EQI 


»r2, byte 


3 


14 


sr2 - byte 


Zero 


t 




WORKING REGISTER 


XRAW 


wa 


3 


14 


A-AV (V, wa) 








ADDNCW 


wa 


3 


14 


A - A + (V, wa) 


No Carry 


t 




SUBNBW 


wa 


3 


14 


A - A - (V, wa) 


No Borrow 


t 




ADDW 


wa 


3 


14 


A~A + (V,wa) 




t 




ADCW 


wa 


3 


14 


A-A + (V,wa) + CY 




t 




SUBW 


wa 


3 


14 


A «- A - (V, wa) 




t 




SBBW 


wa 


3 


14 


A i- A - (V, wa) - CW 




X 




ANAW 


wa 


3 


14 


A-AA(V,wa) 








ORAW 


wa 


3 


14 


A <- A v' v , wa) 








GTAW 


wa 


3 


14 


A - (V, wa) - 1 


No Borrow 


t 




LTAW 


wa 


3 


14 


A - (V, wa) 


Borrow 


t 




ONAW 


wa 


3 


14 


A A(V, wa) 


No Zero 






OFFAW 


wa 


3 


14 


AA(V, wa) 


Zero 






NEAW 


wa 


3 


14 


A - (V, wa) 


No Zero 


t 




EQAW 


wa 


3 


. 14 


A - (V, wa) 


Zero 


t 




ANIW 


wa, byte 


3 


16 


(V, wa) *- (V, wa) A byte 








ORIW 


wa, byte 


3 


16 


(V, wa) «- (V, wa) vbyte 








GTIW 


wa, byte 


3 


13 


(V, wa) - byte - 1 


No Borrow 


t 




LTIW 


wa, byte 


3 


13 


(V, wa) - byte 


Borrow 


t 




ONIW 


wa, byte 


3 


13 


(V, wa)A byte 


No Zero 






OFFIW 


wa.byte 


3 


13 


(V, wa)A byte 


Zero 






NEIW 


wa, byte 


3 


13 


(V, wa) - byte 


No Zero 


t 




EQIW 


wa, byte 


3 


13 


(V, wa) - byte 


Zero 


t 




INCREMENT/DECREMENT 


INR 


r2 


1 


4 


r2<-r2 + 1 


Carry 






INRW 


. wa 


2 


13 


(V, wa) «- (V, wa) + 1 


Carry 
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INSTRUCTION GROUPS (CONT.) 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


CY 


z 


INCREMENT/DECREMENT (CONT.) 


DCR 


r2 


1 


4 


r2 - r2 - 1 


Borrow 




t 


DCRW 


wa 


2 


13 


(V,wa)- (V,wa)- 1 


Borrow 




X 


INX 


rp 


1 


7 


rp — rp + 1 








DCX 


rp 


1 


7 


rp - rp - 1 










DAA 




1 


4 


Decimal Adjust Accumulator 




t 


X 


STC 




2 


8 


CY-1 




1 




CLC 




2 


8 


CY-O 









ROTATE AND SHIFT 


RLD 




2 


17 


Rotate Left Digit 








RRD 




2 


17 


Rotate Right Digit 








RAL 




2 


8 


Am + 1 - Am, Arj - CY, CY - A 7 








RCL 




2 


8 


Cm + 1 - Cm, Co - CY, CY - C7 








RAR 




2 


8 


Am-I<- Am, A7 - CY, CY - Aq 








RCR 




2 


8 


Cm - 1 - Cm, C 7 - CY, CY - Co 








SHAL 




2 


8 


Am + 1 — Am, Ao - 0, CY — A7 








SHCL 




2 


8 


Cm + 1 - CM, Co - 0, CY <- C 7 








SHAR 




2 


8 


Am - 1 - Am, A7 - 0, CY - Ao 








SHCR 




2 


8 


Cm - 1 - Cm, C7 - 0, CY - Cq 








JUMP 


JMP 


word 


3 


10 


PC — word 








JB 




1 


4 


PCh - B, PCl - C 








JR 


word 


1 


13 


PC - PC + 1 + jdispl 








JRE 


word 


2 


13 


PC - PC + 2 + jdisp 








CALL 


CALL 


word 


3 


16 


(SP-1)-(PC-3> H ,<SP-2)- 
(PC-3)l, PC-word 








CALB 




1 


13 


(SP- 1)«-<PC-1)h. (SP-2)- 
(PC- Dl.PCh^B.PCl-C 








CALF 


word 


2 


16 


(SP-1)«-(PC-2) H ,(SP-2)-(PC-2) L 
PC15 ~ 1 1 -00001, PC10 ~ -fa 








CALT 


word 


1 


19 


(SP-1)-(PC-1)h,(SP-2)-(PC-1) L 
PC|_-(128-2ta), PCh-(1 29+2ta) 








SOFTI 




1 


19 


(SP-1)-PSW,SP-2,(SP-3;-PC 
PC - 0060h, SIRQ - 1 
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INSTRUCTION GROUPS (CONT. 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


CY 


Z 


RETURN 


RET 




1 


11 


PCl<-(SP>,PCh^(SP + 1> 
SP-SP-2 








RETS 




1 


11+a 


PCl-(SP),PCh--<SP.+ 1), 
SP <- SP + 2, PC *- PC + n 








RETI 




1 


15 


PCl<-<SP),PCh ^(SP+ 1) 
PSWHSP+2 ) , SP-SP+3 , S I R Q<-0 








SKIP 


BIT 


bit, wa 


2 


10 


Bit test 


(V, walbit 
= 1) 






SKC 




2 


8 


Skip if Carry 


CY= 1 






SKNC 




2 


8 


Skip if No Carry 


CY = 






SKZ 




2 


8 


Skip if Zero 


Z= 1 






SKNZ 




2 


8 


Skip if No Zero 


Z -0 






SKIT 


f 


"■ 2 


8 


Skip if INTX = 1, 
then reset INT X 


f = 1 






SKNIT 


f 


2 


8 


Skip if No INTX 
otherwise reset INT X 


f = 






,. ... 

CPU CONTROL 


NOP 




1 


4 


No Operation 








El 




2 


8 


Enable Interrupt 








Dl 




2 


8 


Disable Interrupt 








HLT 




1 


6 


Halt 








SERIAL PORT CONTROL 


SIO 




1 


4 


Start (Trigger) Serial I/O 








STM 




1 


4 


Start Timer 








INPUT/OUTPUT 


IN 


byte 


2 


10 


AB15.8 *~ B.AB7.0 *~ b V*e 
A «- DB7.0 








OUT 


byte 


2 


10 


ABi5-8-B,AB7.o-byte 
DB 7 ^)-A 








PEX 




2 


11 


PE 15 .8<-B,PE7-0-C 








PEN 




2 


11 


PE 15 .12-B7.4 








PER 




2 


11 


Port E AB Mode 
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Program Status Word (PSW) Operation 



OPERATION 




D6 


P5 


D4 


P? 


P2 


P9 


REG, MEMORY 


IMMEDIATE 


SKIP 


Z 


SK 


HC 


L1 


LO 


CY 


ADD 
ADC 
SUB 
SBB 


ADDW 
ADCW 
SUBW 
SBBW 


ADDX 
ADCX 
SUBX 
SBBX 


ADI 
ACI 
SUI 
SBI 






t 





t 








t 


ANA 
OR A 
XRA 


ANAW 
ORAW 
XRAW 


ANAX 
ORAX 
XRAX 


ANI 
ORI 
XRI 


ANIW 
ORIW 




• t 





• 








• 


ADDNC 
SUBNB 
GTA 
LTA 


ADDNCW 
SUBNBW 
GTAW 
LTAW 


ADDNCX 
SUBNBX 
GTAX 
LTAX 


ADINC 
SUINB 
GTI 
LTI 


GTIW 
LTIW 




t 


* 


t 








t 


ONA 
OFFA 


ONAW 
OFFAW 


ONAX 
OFFAX 


ONI 
OFFI 


ONIW 
OFFIW 




$ 


t 


• 








• 


NEA 
EQA 


NEAW 
EQAW 


NEAX 
EQAX 


NEI 
EQI 


NEIW 
EQIW 




t 


t 


t 








t 


INR 
DCR 


INRW 
DCRW 










t 


$ 


t 








• 


DAA 












t 





t 








1 


RAL, RAR, RCL, RCR 
SHAL, SHAR, SHCL, SHCR 





















t 


RLD, RRD 





















• 


STC 





















1 


CLC 


























MVI A, byte 


- 









1 





• 




MVI L, byte 
LXI H.word 














1 


• 




BIT 

SKC 

SKNC 

SKZ 

SKNZ 

SKIT 

SKNIT 


• 


t 


• 








• 


FIETS 


• 


1 


• 








• 


All other instructions 


• 





• 








• 



t Flag affected according to result of operation 

1 Flag set 

Flag reset 

• Flag not affected 
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ABSOLUTE MAXIMUM Operating Temperature -10°Cto+70°C 

RATINGS* Storage Temperature -65°C to +150°C 

Voltage On Any Pin . . . -0.3V to +7.0V 

T a = 25° C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



DC CHARACTERISTICS ~ 10 » +70°c, v cc - +5.ov ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 







0.8 


V 




Input High Voltage 


V|H1 


2.0 




vcc 


V 


Except SCR. XI 


V|H2 


3.8 




vcc 


V 


§CR, X1 


Output Low Voltage 


Vol 






0.45 


V 


'OL" 20mA 


Output High Voltage 


vohi 


2.4 






V 


'OH --100/iA 


VOH2 


2.0 






V 


i O h-- 50 °mA 


Low Level Input Leakage Current 


ILIL 






-10 


ma 


V, N -0V 


High Level Input Leakage Current 


•lih 






10 


ma 


V| N = V CC 


Low Level Output Leakage Current 


•lol 






-10 


jjA 


VOUT " 0.45V 


High Level Output Leakage Current 


• loh 






10 


ma 


VQUT " Vcc 


Vcc Power Supply Current 


•cc 




110 


200 


mA 






CAPACITANCE t 8 -25°c, v C c-gnd-ov 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






10 


PF 


fc - 1 MHz 
All pins not 
under test at 0V 


Output Capacitance 


CO 






20 


PF 


Input/Output Capacitance 


C|0 






20 


PF 
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-10 to +70° C, Vqc " +5.0V ± 10% 



CLOCK TIMING 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


X1 Input Cycle Time 


'CYX 


227 


1000 


ns 




X1 Input Low Level 
Width 


l XXL 


106 




ns 


X1 Input High Level 
Width 


*XXH 


106 




ns 


0OUT Cycle Time 


l CY0 


454 


2000 


ns 


<t>0\JT Low Level Width 


ty0L 


150 




ns 


0OUT Hi9 n Level Width 


t^H 


150 




ns 


0OUT Rise/Fall Time 


tr.tf 




40 


ns 



READ/WRITE OPERATION 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


RD"L.E.-«0UT L.E. 


l R0 


100 




ns 


*CY0 500 ns 


Address (PErj-15) -* Data 
Input 


l AD1 




550 + 500 x N 


ns 


RO J T.E. -*• Address 


l RA 


200( T 3);700( T4 ) 




ns 


ftDL.E.-t Data Input 


l RD 




350 + 500 x N 


ns 


RD TIE. -» Data Hold 
Time 


tRDH 







ns 


"RD" Low Level Width 


l RR 


850 + 500 x N 




ns 


"RD" L.E.-* WAIT L.E. 


tRWT 




450 


ns 


Address (PE0-15) -» 
WAIT L.E. 


*AWT1 




650 


ns 


WAIT Set Up Time 
(Referenced from 
0OUT L.E.) 


*WTS 


290 




ns 


WAIT Hold Time 
(Referenced from 
0OUT L.E.) 


tWTH 







ns 


Ml -»HB L.E. 


l MR 


200 




ns 


RGT.E.-M1 


*RM 


200 




ns 


IO/rvf->RD"L.E. 


t|R 


200 




ns 


RE T.E. ->■ IO/M" 


*RI 


200 




ns 


0OUTL.E.-+WR L.E. 


t«w 


40 


125 


ns 


Address (PEo-15)-* 
*OUT T - E - 


l A<t> 


100 


300 


ns 


Address (PEo-1 5) -+ 
Data Output 


l AD2 


450 




ns 


Data Output -»WR 
T.E. 


tDW 


600 + 500 x N 




ns 


"WRT.E.-fData 
Stabilization Time 


tWD 


150 




ns 


Address (PE0.15)-* 
WR L.E. 


tAW 


400 




ns 


Wr T.E. -» Address 
Stabilization Time 


*WA 


200 




ns 


WR Low Level Width 


<WW 


600 + 500 x N 




ns 


\o/TT-*m L.E. 


t|W 


500 




ns 


WRt.e.^io/m" 


*WI 


250 




ns 
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SERIAL I/O OPERATION 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


CONDITION 


SCK Cycle Time 


l CYK 


800 




ns 


SCK Input 


900 


4000 


ns 


SCK Output 


§CK Low Level Width 


tKKL 


350 




ns 


SCK Input 


400 




ns 


SCK Output 


SCK High Level Width 


tKKH 


350 




ns 


SCK Input 


400 




ns 


SCK Output 


SI Set-Up Time (referenced from SCK T.E.) 


tSIS 


140 




ns 




SI Hold Time (referenced from SCK T.E.) 


tSIH 


260 




ns 


SCK L.E. -»■ SO Delay Time 


*KO 




180 


ns 


"SCTHigh -+ SCK L.E. 


tCSK 


100 




ns 


SCKT.E.-+SCSLow 


*KCS 


100 




ns 


SCKT.E.-^SAK Low 


tKSA 




260 


ns 



HOLD OPERATION 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


CONDITION 


HOLD Set-Up Time (referenced from 
0OUT L.E.) 


tHDSi 


200 




ns 


tCY</> " 500 ns 


IHDS2 


200 




ns 


HOLD Hold Time (referenced from 0OUT 
L.E.) 


tHDH 







ns 


0OUTL..E.-HLDA 


*DHA 


110 


100 


ns 


HLDA High -+ Bus Floating (High Z State) 


tHABF 


-150 


150 


ns 


HLDA Low -* Bus Enable 


tHABE 




350 


ns 



© AC Signal waveform (unless otherwise specified) 




MEASURING 
POINTS 



0.45 





(2) Output Timing is measured with 1 TTL + 200 pF measuring points are Voh " 2-OV 

VOL -0.8V 
(D L.E. - Leading Edge, T.E. - Trailing Edge 
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tCYtf* 



DEPENDENT AC PARAMETERS 



PARAMETER 


EQUATION 


MIN/MAX 


UNIT 


tR0 


(1/5) T 


MIN 


ns 


tAD! 


(3/2 + N)T- 200 


MAX 


ns 


tRA (T 3 ) 


(1/2) T- 50 


MIN 


ns 


*RA <T 4 ) 


(3/2) T - 50 


MIN 


ns 


*RD 


(1 + N)T- 150 


MAX 


ns 


*RR 


(2 + N)T- 150 


MIN 


ns 


tRWT 


(3/2) T - 300 


MAX 


ns 


^WTt 


(2)T- 350 


MAX 


ns 


*MR 


(1/2) T- 50 


MIN 


ns 


tRM 


(1/2) T- 50 


MIN 


ns 


*IR 


(1/2) T- 50 


MIN 


ns 


tRI 


(1/2) T- 50 


MIN 


ns 


t0W 


(1/4) T 


MAX 


ns 


tA0 


(1/5) T 


MIN 


ns 


tAD 2 


T- 50 


MIN 


ns 


X D\N 


(3/2 + N)T- 150 


MIN 


ns 


%D 


(1/2) T- 100 


MIN 


ns 


l AW 


T- 100 


MIN 


ns 


%A 


(1/2) T- 50 


MIN 


ns 


t WW 


(3/2 + N)T- 150 


MIN 


ns 


tiw 


T ! 


MIN 


ns 


%l 


(1/2) T 


MIN 


ns 


tHABE 


(1/2) T- 15C} 


MAX 


ns 



Notes: (T) N = Number of Wait States 
© T = t C Y« 
(3) Only above parameters are tQy. dependent 

@ When a crystal frequency other than 4 MHz is used (tcY^, = 5°<) ns > 
the above equations can be used to calculate AC parameter 



AC CHARACTERISTICS 
(CONT.) 



CLOCK TIMING 




TIMING WAVEFORMS 
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TIMING WAVEFORMS 
(CONT.) 



"I. 



t^L .J .» 



READ OPERATION 



s 



J \ I L 



"A r 



-'RWT - 
- 'AWT I - 



'ACTIVE ONLY WHEN 10/17 IS ENABLED. 



WRITE OPERATION 



r J 1 ( 



-TwAtT- 



J v / v / 




•ACTIVE ONLV WHEN 10/KI IS ENABLED. 
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SERIAL I/O OPERATION 



S 



f 



f 



HOLD OPERATION 





MACHINE CYCLE 

IT 2 1 , (T 3 t 
































""'"" 




HOLD 






' 


""1 l~ 


\ 






V 


' \_ 


-4-1 


\ 








\_ 








■„OH 














' 






* 


' 


. __ . 
















(-■«« 


















— > 
















| 


■US ADDRESS. CONTROL 


~S — 


-4 
















rl.H„ 














-r- 
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PACKAGE INFORMATION 
//PD7802G-XXX 



XXX denotes mask number 
assigned by factory at time of 
code verification. 
Use. I.C. Socket NP32-64075G4. 



)iPD7802 





n< 



-18.0 -20.1- 
-23.1 ~ 25.2- 



( Unit: mm) 



>H 



,0.10 
±0.05 




7802DS-Rev 1-1 2-81 -CAT 
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NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



M PD78C06 

CMOS HIGH END 

8-BIT SINGLE CHIP 

MICROCOMPUTER 



Description 

The NEC /iPD78C06 is an advanced CMOS 8-bit 
general purpose single chip microcomputer intended for 
applications requiring 8-bit microprocessor control and 
extremely low power consumption; ideally suited for 
portable, battery-powered/backed-up products. A subset 
of the /iPD7801, the nPD78C06 integrates an 8-bit ALU, 
4K ROM, 128 bytes RAM, 46 I/O lines, an 8-bit timer, 
and a serial I/O port on a single die. Fully compatible 
with the 8080A bus structure, expanded system opera- 
tion can easily be implemented using industry standard 
peripheral and memory components. Total memory 
space can be increased to 64K bytes. 
The nPD78C06 lends itself well to low power, portable 
applications by featuring two power down modes to fur- 
ther conserve power when the processor is not active. 
The nPD78C06 is packaged in a 64-pin flat pack. The 
HPD78C05 is a ROM-less, version packaged in a 64-pin 
QUIL, designed for prototype development and small 
volume production. 
Features 

□ CMOS Silicon Gate Technology + 5V supply 

□ Complete Single Chip Microcomputer 

— 8-bit ALU 

— 4K ROM 

— 256 Bytes RAM 

□ Low Power Consumption 

□ 46 I/O Lines 

D Expansion Capabilities 

— 8080A Bus Compatible 

— 60K Bytes External Memory Address Range 

□ Serial I/O Port 

□ 101 Instruction Set 

— Multiple Address Modes 

□ Power Down Modes 

— Halt Mode 

— Stop Mode 

□ 8-Bit Timer 

□ Prioritized Interrupt Structure 

— 2 External 

— 1 Internal 

□ On Chip Clock Generator 
D 64-Pin Flat Pack 



Pin Configuration 



ED CD 00 09 S UJ Olil UJ UJ UJ 111 UJ 

OQQQxa.>o-Q.Q.a.o-a 




a. a. a. a 



Pin Identification 



PA 7 .o,PB 7 . 0l PC 5 .o,PE 16 _o 


I/O Porta 


DB7-0 


Data Bus 


WATT 


Walt Request 


INT , INT 1 


Interrupt Request 


X 2 , X t 


Xtal 


SCK 


Serial Clock Input/Output 


SI 


Serial Input 


SO 


Serial Output 


RESET 


Reset 


RD 


Read Strobe 


WR 


Write Strobe 


tout 


Clock Output 
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Block Diagram 




p<s>ao>"- 



Read/Write 
Control 


Timing 
Control 


System Control 



wtrir i i i i i 



pcs-o 



PA7.0 



R0 WR 



Reset 't'Out 



VCC VSS 



Table 4-1 HALT Mode and STOP Mode 



Function 


Halt Mode 


Stop Mode 


Oscillator 


Run 


Stop 


Internal System Clock 


Stop 




Timer 


Run 




TIMER REG 


Hold 


Set 


UPCOUNTER, PRESCALER 0, 1 


- Run 


Cleared 


Serial Interface 


Run© 


Serial Clock 


Hold 


Hold 


Interrupt Control Circuit 


Run 


Stop 


Interrupt Enable Flag 


Hold 


Reset 


INT , INT1 Input 


Active 


Inactive 


INTT 


— . 


T 8 (INTFS) 


— 


MASK Register 


- Hold 


Set 


Pending Interrupts (INTFX) 


Reset 


REL Input 


Inactive 


Active 


RESET Input 


Active 



Function 



Halt Mode Stop Mode 



On-Chip RAM 



O utput Latch in Port A, B, E 
Program Counter (PC) 



Stack Pointer (SP) 



General Registers 
(A, B, C, D, E, F, L) 



Program Status Word (PSW) 



Hold 



Mode B-Register 



S tandby Control Register (SC0-SC3) 
Standby Control Register (SC4) 



Timer Mode Register (TMMn_-|) 
Timer Mode Register (TMM^) 



Hold 



Cleared 



Unknown 



Reset 



Hold 



Set 



Hold 



Set 



Serial Mode Register (SM) 




Hold 


Data Bus (DBn-7) 


High-Z 


High-Z 


RD, WR Output 


High 


High 



Note: 

(T) Serial clock counter is running and Tq is generated; however, 
there are no effects by it. 
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Package Dimension 
64-Pln Flat 
(Unit: mm) 



M PD78C06 



19.6 ± 0.4 




M PD78C06Q-XXX-11 



-25.8 ± 0.4 



/aPO78C06Q-XXX-12 



:± 



HHHHHBHBHHHBHH. 



O 



iffliiirai 



.18.0 i 0.3. 
20 



12 i 0.3 



X33-- 



-3EH-— * 



1.0 ± 0.15 



H 



3 



=S 



XXX denotes mask number 
assigned by factory at time of 
code verification. 
Use. I.C. Socket IC-51-59S. 




24.7 ± 0.4 



^<flMMMMWMflflflflB>U.,.- 



2.35 ±0.2 



0.10 
-0.05 



•1.2 t 0.2 
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NEC 

NEC Electronics U.S. A. Inc. 

Microcomputer Division 



M PD7811G 

HIGH END SINGLE CHIP 

8-BIT MICROCOMPUTER 

WITH A/D CONVERTER 



Description 

The NEC fiPD7811G is a high performance single chip 
microcomputer integrating sophisticated on-chip periph- 
eral functionality normally provided by external compo- 
nents. The device's internal 16-bit ALU and data paths, 
combined with a powerful instruction set and address- 
ing, make the nPD781 1G appropriate in data proces- 
sing as well as control applications. The device inte- 
grates a 16-bit ALU, 4K ROM, 256 Bytes RAM with an 
8-channel A/D converter, a multifunction 16-bit timer/ 
event counter, two 8-bit timers, a USART and two zero- 
cross detect inputs on a single die, to direct the device 
into fast, high-end processing applications involving 
analog signal interface and processing. 
The nPD7811G is the mask-ROM high volume produc- 
tion device embedded with custom customer program. 
The nPD7810G is a ROM-less version for prototyping 
and small volume production. The jiPD78PG11E is a 
piggy-back EPROM version for design development. 



Features 



Pin Configuration 



□ 



□ 



□ 



NMOS Silicon Gate Technology Requiring +5V 

Supply 

Complete Single Chip Microcomputer 

— 16-Bit ALU 

— 4K ROM ' 

— 256 Bytes RAM 
44 I/O lines 

Two Zero-Cross Detect Inputs 
Expansion Capabilities 

— 8085A Bus Compatible 

— 60K Bytes External Memory Address Range 
8-Channel, 8-Bit A/D Converter 

— Auto Scan 

— Channel Select 
Full Duplex USART 

— Synchronous and Asynchronous 
153 Instruction Set 

— 16-Bit Arithmetic, Multiply and Divide 
1 us Instruction Cycle Time 
Prioritized Interrupt Structure 

— 2 External 

— 4 Internal 
Standby Function 
On-Chip Clock Generator 
64-Quil Package 



PAO 


i — 1 v — y 64 

1 2 63 

CZ 3 62 
1 4 61 

CZ 5 60 
1 6 59 

CZ 7 58 
1 8 57 

CZ 9 56 
1 10 55 

CZ 11 54 
I 12 53 

CZ 13 52 
I 14 51 

CZ 15 HPD7811G 50 
1 16 49 

CZ 17 48 
I 18 47 

Cr 19 46 
1 20 45 

CZ 21 44 
' 22 43 

CZ 23 42 
1 24 41 

CZ 25 40 
1 26 39 

CZ 27 38 
' 28 37 

CZ 29 36 
1 30 35 

CZ 31 34 
I 32 33 


ZZ1 


vcc 






PA2 




PD7 






PA4 


ZZJ 


PD5 






PA6 


ZZ) 


PD3 






PBO 


m 


PD1 


PB1 




PB2 




PF7 






PB4 


ZZ1 


PF5 






PB6 


ZZ) 


PF3 






PCO 


ZZJ 


PF1 






PC2 




ALE 




IWU 


PC4 




RD 


PC5 


\b\lrr- 


PC6 




VH 


PC7 




INTO 




AN6 


INT1 


...... ""J* 


Ml 




AN4 






MD 




AN2 






XI 




AN0 













Instruction Set 

In addition to the existing instruction set for ^PD7801, 
the following new instructions are incorporated in the 
MPD7811. 

— 16-Bit Data Transfer 

16-Bit Data Transfer Memory and Extended 
Accumulator 

— 16-Bit Data Arithmetic and Logical Operation 

16-Bit Addition and Subtraction 

16-Bit Comparison 

16-Bit And, Or, Ex-or Operation 

— 16-Bit Data Shift and Rotation 

— Multiply 

8-Bit by 8-Bit 

Less than 8 ^s Execution 

— Divide 

16-Bit Divided by 8-Bit 
Less than 14 ^s Execution 

— Index Operation 

Register Pair HL and DE are used as Index 
Register 
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M PD7811G 

Block Diagram 




READ/WRITE 
CONTROL 


TIMING 
CONTROL 


SYSTEM 
CONTROL 


STANDBY 
CONTROL 



riTTTFT" 



M1 ALE MODE RESET Vdd VCC VSS 



Input/Output 

8 Analog Input Lines 

44 Digital I/O Lines — Five 8-Bit ports (Port A, Port B, 

Port C, Port D, Port F) and 4. Input Lines (AN4.7) 

1. Analog Input Lines 

ANrj_7 are configured as analog input lines for on 
chip A/D converter. 

2. Port Operation 

— Port A, Port B, Port C, Port F 

Each line of these ports can be individually pro- 
grammed as an input or as an output. 

— Port D 

Port D can be programmed as a byte input or a 
byte output. 

-AN4-7 

In addition to the analog input lines, AN4_7 can 
be used as digital input lines for falling edge 
detection. 

3. Control Lines 

Under software control, each line of Port C can be 
configured individually to provide control lines for 
serial interface, Timer and Timer/Counter. 

4. Memory Expansion 

In addition to the single-chip operation mode 
MPD781 1 has 4 memory expansion modes. Under 
software control, Port D can provide multiplexed 
low-order address and data bus and Port F can 
provide high-order address bus. The relation 
between memory expansion modes and the pin 
configurations of Port D and Port F is shown in 
the table that follows. 



Memory Expansion 



Port Configuration 



Non 



Port D — I/O Port 
Port F — I/O Port 



256 Bytes 



Port D — Multiplexed Address/Data Bus 
Port F — I/O Port 



4K Bytes Port D — Multiplexed Address/Data Bus 

Port FO-3 — Address Bus 

Port F4-7 — I/O Port 

16K Bytes Port D — Multiplexed Address/Data Bus 
Port FO-5 — Address Bus 
Port F6, 7 — I/O Port 



60K Bytes 



Port D — Multiplexed Address/Data Bus 
Port F — Address Bus 



8-Blt A/D Converter 

8 Input Channels 

4 Conversion Result Registers 

2 Powerful Operation Modes 

Auto Scan Mode 

Channel Select Mode 
Successive Approximation Technique 
Absolute Accuracy ± 1 .5 LSB ( ± 0.6%) 

Conversion Range ~ 5V 

Conversion Time 50 ps 

Interrupt Generation 
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AID Converter Block {Diagram 



AVCC» 

AVSS o 

VAREF » 




M PD7811G 

Interrupt Structure 

— 1 1 Interrupt Sources 

— 6 Priority Levels 

— Non-maskable Interrupt Capability — NMI 

— Individual Request Mask Capability — Except NMI 



Universal Serial Interface 

— Full-Duplex, Double Buffering 

— Synchronous Operation Mode 

Search Mode 
Receive Mode 
— - Asynchronous Operation Mode 
7, 8-Bits/Character 
Start/Stop Bit 
Even/Odd Parity 
Programmable Clock Rate x1, x16, x64 

— I/O Expansion Mode (^PD7801 Serial Mode) 

— Programmable Communication Rate 

2 ^s, 32 us, Timer 1 and External 

— Interrupt Generation 

Universal Serial Interface Block Diagram 

INTERNAL BUS 



Interrupt 
Request 


Interrupt 


Type of Interrupt 


In/Ext 


IRQO 


4 


NMl (Non-maskable interrupt) 


External 


IRQ1 


8 


INTTO (Coincidence signal from timer 0) 
INTT1 (Coincidence signal from timer 1) 


Internal 


IRQ2 


16 


INT1 (Maskable interrupt) 
INT2 (Maskable interrupt) 


External 


IRQ3 


24 


INTEO (Coincidence signal from timer/ 
event counter) 

INTE1 (Coincidence signal from timer/ 
event counter) 


Internal 


IRQ4 


32 


INTEIN (Falling signal of C1 and TO 
counter) 

INTAD (A/D converter interrupt) 


In/External 


IRQ5 


40 


INTSR (Serial receive Interrupt) 
INST (Serial send interrupt) 


Internal 



NMI 
INTTO 
INTT1 
INTi C 

ifJT5 o 
INTEO 
INTE1 
INTEIN 
INTAD 
INTSR 
INTST 

OV 

ER 

SB _ ij 
AN7-AN4 <=? 



L^ 



H 



RECEIVE 
BUFFER 



PC1/RXD O [> SERIA ( L REGISTER 



n 



TRANSMIT 
BUFFER 



El — S Q 
Dl — R 





TRANSFER ■ 
CONTROL . 



SERIAL REGISTER 

TRANSFER -»- 
CONTROL INTE 



PC2/SCK O- 



"t 



INTERNAL CLOCK 



>0 <|- 
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MPD7811G 

Package Information 
//PD7811G-XXX 



XXX denotes mask number 
assigned by factory at time of 
code verification. 
Use I.C. Socket NP32-64075G4. 




S " 



n c=) n 



-18.0 -20.1- 
-23.1 - 25.2- 



(Unit: mm) 



, + 0.10 
'±0.05 



781 1 GDS-1 -82-TRIUM-C AT 
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NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



pPD8021 



SINGLE CHIP 8-BIT 
MICROCOMPUTER 



DESCRIPTION The NECjuPD8021 is a stand alone 8-bit parallel microcomputer incorporating the 
following features usually found in external peripherals. The /iPD8021 contains: 
1 K x 8 bits of mask ROM program memory, 64 x 8 bits of RAM data memory, 21 
I/O lines, an 8-bit interval timer/event counter, and internal clock circuitry. 



FEATURES 



8-Bit Processor, ROM, RAM, I/O, Timer/Counter 

Single +5V Supply (+4.5V to +6.5V) 

NMOS Silicon Gate Technology 

8.38 (is Instruction Cycle Time 

All Instructions 1 or 2 Cycles 

Instructions are Subset of MPD8048/8748/8035 

High Current Drive Capability - 2 I/O Pins 

Clock Generation Using Crystal or Single Inductor 

Zero-Cross Detection Capability 

Expandable I/O Using //8243's 

Available in 28-Pin Plastic Package 



PIN CONFIGURATION 



p 22c; 


1 


— ^r- 


28 


3 v cc 


p 23C 


2 




27 


J P21 


progC 


3 




26 


IJP20 


p ooC 


4 




25 


3 P17 


P01C 


5 




24 


3 Pie 


P02C 


6 




23 


3 P15 


P03C 


7 


UPD 
8021 


22 


3 P 14 


P04C 


8 




21 


3 p 13 


pobC 


9 




20 


3 p 12 


p oeC 


10 




19 


3 P11 


P 07(I 


11 




18 


3 p io 


ALEC 


12 




17 


"2 RESET 


T1Q 


13 




16 


3 XTAL 2 


vssC 


14 




15 


3 XTAL 1 




Rev/2 
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.-|iPD8021 



"7 



Y 



1024 x 8-BIT 

MASK ROM 

PROGRAM MEMORY 






1E7~3± 



8-BIT 
INTERVAL TIMER/ 
EVENT COUNTER 



BLOCK DIAGRAM 



Operating Temperature 0°C to +70°C 

Storage Temperature (Ceramic Package) -65°C to +150°C 

(Plastic Package) -65°C to +150°C 

Voltage on Any Pin -0.5 to +7 Volts (D 

Power Dissipation 1 Watt 

Note: (T) With Respect to Ground. 

T a =25°C 

"COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation ot the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

T a = 0°C to +70°C; V<x = +5.5V ± 1V; Vss = 0V 



ABSOLUTE MAXIMUM 
RATINGS* 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 


-0.5 




+ 0.8 


V 




Input High Voltage, RESET, T1 
(All Except XTAL 1, XTAL 2) 


V|H 


2.0 




vec 


V 


VcC=5.0V± 10% 


Input High Voltage 
(XTAL 1, XTAL 2) 


V|H1 


3.0 




vec 


V 


Vec = 5.5V ± 1V 


Output Low Voltage 


vol 






0.45 


V 


>OL = 1.7 mA 


Output Low Voltage 
(P10.P11) 


voli 






2.5 


V 


IOL = 7 mA 


Output High Voltage 
(All Unless Open Drain) 


VOH 


2.4 






V 


Iqh =40mA 


Output Leakage Current 
(Open Drain Option - Port 0) 


lOL 






±10 


MA 


Vcc>V| N >Vss 
+0.45V 


VCC Supply Current 


ice 




40 


75 


mA 





DC CHARACTERISTICS 



T a = 0°C to +70°C; V C c " 5.5V ± 1 V; V ss - 0V 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 1 MAX 


Cycle Time 


TCY 


8.38 




50.0 


MS 


3.5.8 MHz XTAL 
for T C y Min. 



AC CHARACTERISTICS 
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/iPD8021 



PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


1-2, 
26-27 


P20-P23 
(Port 2) 


P20-P23 comprise the 4-bit bi-directional I/O port 
which is also used as the expander bus for the 
MPD8243. 


3 


PROG 


PROG is the output strobe pin for the /iPD8243. 


4-11 


P00-P07 
(Port 0) 


One of the two 8-bit quasi bi-directional I/O ports. 


12 


ALE 


Address Latch Enable output (active-high). Occurring 
once every 30 input clock periods, ALE can be used 
as an output clock. 


13 


T1 


Testable input using transfer functions JT1 and JNT1. 
T1 can be made the counter/timer input using the 
STRT CNT instruction. T1 also provides zero-cross 
sensing for low-frequency AC input signals. 


14 


vss 


Processor's ground potential. 


15 


XTAL 1 


One side of frequency source input using resistor, 
inductor, crystal or external source. (non-TTL 
compatible Vm). 


16 


XTAL 2 


The other side of frequency source input. 


17 


RESET 


Active high input that initializes the processor and 
starts the program at location zero. 


18-25 


. P10-P17 
(PortD 


The second of two 8-bit quasi bi-directional I/O ports. 


28 


v cc 


+5V power supply input. 



FUNCTIONAL DESCRIPTION The NEC/iPD8021 is a single component, 8-bit, parallel microprocessor using 

N-channel silicon gate MOS technology. The self-contained 1K x 8-bit ROM, 
64 x 8-bit RAM, 8-bit timer/counter, and clock circuitry allow the MPD8021 to 
operate as a single-chip microcomputer in applications ranging from controllers to 
arithmetic processors. 

The instruction set, a subset of the/nPD8048/8748/8035, is optimum for high-volume, 
low cost applications where I/O flexibility and instruction set power are required. The 
jliPD8021 instruction set is comprised mostly of single-byte instructions with no 
instructions over two bytes. 



D 
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pPD8021 













INSTRUCTION CODE 










FLAG 


MNEMONIC 


FUNCTION 


DESCRIPTION 


o 7 


D 6 


DS 


D4 


"3 


D 2 


[>1 


Dq 


CYCLES 


BYTES 


C 




DATA MOVES 


MOV A, = data 


(A) — data 


Move Immediate the specified data into 
the Accumulator. 



d7 



d6 


dp 




d 4 



<*3 



°2 


1 
dl 


°0 


2 


2 




MOV A, Rr 


(A)-(Rr).r = 0-7 


Move the contents of the designated 
registers into the Accumulator. 


1 


1 




1 


1 


' 


' 




1 






MOV A, @ Rr 


<A><- ((Rr));r = 0-1 


Move Indirect the contents of data 
memory location into the Accumulator. 


1 


1 




1 













1 






MOV Rr, = data 
MOV Rr,A 
MOV® Rr, A 
MOV @ Rr, -data 
MOVP A, @ A 


(Rrl-data;r = 0-7 

(Rr)~(A);r-0-7 

<(Rr)]-(A);r = 0-1 

((Rr)) -data;r = 0-1 

(PC 0-7) -(A) 
(A) -((PC)) 


Move Immediate the specified data into 

the designated register. 

Move Accumulator Contents into the 

designated register. 

Move Indirect Accumulator Contents 

into data memory location. 

Move Immediate the specified data into 

data memory. 

Move data in the current page into the 

Accumulator. 


1 

<*7 
1 

1 

1 
d7 

1 









"6 



d5 
"5 


1 

d 4 




1 

d 4 




1 
d3 

1 




d3 



d 2 




d 2 




"1 




dl 
1 


d0 
do 


2 
1 
1 
2 
2 


2 
2 




XCH A, Rr 


(A) 2: (Rr); r = - 7 


Exchange the Accumulator and desig- 
nated register's contents. 













1 


' 


' 










XCH A,@Rr 


(A) S«Rr));.r-0-1 


Exchange Indirect contents of Accumu- 
lator and location in data memory. 






























XCHD A,® Rr 


(AO-3)^((Rr))0-3)); 
r = 0- 1 


Exchange Indirect 4-bit contents of 
Accumulator and data memory. 










1 



















FLAGS 


CPLC 


(C)-NOT(C) 


Complement Content of carry bit. 1 













1 


1 








• 


CLR C 


(C) - 


Clear content of carry bit to 0. 1 








1 





1 


1 








• 


INPUT/OUTPUT 


ANLD Pp, A 


(Pp)-(Pp) AND (A 0-3) 
p=4-7 


Logical and contents of Accumulator witf 
designated port (4 - 7). 


1 








1 




1 


p 


p 


2 






IN A, P p 


(A)-(P p );p= 1 -2 


Input data from designated port (1-2) 
into Accumulator. 



















p 


P 


2 






MOVDA, P p 


(A0-3)-(P p );p = 4-7 
(A 4-71-0 


Move contents of designated port (4 - 7) 
into Accumulator. 
















1 


p 


P 


2 






MOVD P p , A 


(Pp) - A - 3; p = 4 - 7 


Move contents of Accumulator to desig- 
nated port (4-7). 








1 


1 




1 


p 


P 








ORLD P p , A 


(Pp)*-(P p )Oft (A 0-3) 
p = 4-7 


Logical or contents of Accumulator 
with designated port (4 - 7). 


1 













1 


p 


P 








OUTLPp, A 


<Pp)-(A);p = 1 -2 


Output contents of Accumulator to 
designated port (1 - 2). 








1 


1 







p 


P 








REGISTERS 


INCRr 


(Rr)-(Rr) +1;r = 0-7 


Increment by 1 contents of designated 
register. 











1 




' 


' 


" ' 








INC® Rr 


((Rr»-«Rr)) + 1; 
r =0-1 


Increment Indirect by 1 the contents of 
data memory location. 











1 











' 








SUBROU1 


INE 


CALL addr 


«SP))-(PC),(PSW4-7) 
(SP) - (SP) + 1 
(PC 8- 10) - addr 8 -10 
(PC - 7) - addr 0-7 
(PC 11) -DBF 


Call designated Subroutine. 


a 10 
"7 


ag 
"6 


a8 

"5 


1 

a 4 



a3 


1 

82 



ai 




30 


2 


2 




RET 


(SP)-(SP)-1 
(PC)-I(SPI) 


Return from Subroutine without restor- 
ing Program Status Word. 


1 

















1 


1 


2 


1 




TIMER/COUNTER 


MOV A, T 


(A)-(T) 


Move contents of Timer/Counter into 
Accumulator. 


O 


1 














1 





1 


1 




MOV T, A 


(T) - (A) 


Move contents of Accumulator into 
Timer/Counter. 





1 


1 











1 





1 


1 




STOP TCNT 




Stop Count for Event Counter.. 





1 


1 








1 





1 


1 


1 




STRT CNT 




Start Count for Event Counter. 


O 


1 











1 





1 


1 


1 




STRTT 




Start Count for Timer. 





1 





1 





1 





1 


1 


1 




MISCELLANEOUS 


NOP 




No Operation performed. [ 




















| 1 1 | 



Notes: (T) Instruction Code Designations r and p 
(2) The dot under the appropriate flag bit 
(D References to the address and data are 
@ Numerical.Subscripts appearing in the 



form the binary representation of the Registers and Ports involved, 
indicates that its content is subject to change by thb instruction it appears i 
specified in bytes 2 and/or 1 of the instruction. 
FUNCTION column reference the specific bits affected. 



Symbol Definitions 



SYMBOL 


DESCRIPTION 


A 


The' Accumulator 


addr 


Program Memory Address (12 bits) 


C 


Carry Flag 


CLK 


Clock Signal 


CNT 


Event Counter 


O 


Nibble Designator (4 bits) 


data 


Number or Expression (8 bits) 


P 


"In-Page" Operation Designator 


P P 


Port Designator (p = 1, 2 or 4 - 7) 


Rr 


Register Designator (r - 0, 1 or - 7) 



SYMBOL 


DESCRIPTION 


T 


Timer 


• Ti, 


Testable Flag 1 


X 


External RAM 


- 


Prefix for Immediate Data 


@ 


Prefix for Indirect Address 


$ 


Program Counter's Current Value 


(x) 


Contents of External RAM Location 


«x)) 


Contents of Memory Location Addressed 
by the Contents of External RAM Location 


- 


Replaced By 
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INSTRUCTION SET 



pPD8021 



MNEMONIC 


FUNCTION 


DESCRIPTION 


O7 


D« 


INSTRUCTION CODE 
O5 D« O3 D2 


Dl 


t>0 


CYCLES 


BYTES 


FLAG 
C 




ACCUMULATOR 


ADO A, - data 


(A) - (A) + data 


Add immediate the specified Data to the 
Accumulator. 



d7 




de 



dB 



d4 



d 3 



d 2 


1 
dl 


do 


2 


2 




Add A, Rr 


(A) - (A) + (Rr) 
for r - - 7 


Add contents of designated register to 
the Accumulator. 





i 


1 





1 


r 


' 










ADO A, S> Rr 


(A) - (A) + ((Rr)) 
for r - - 1 


Add indirect the contents the data 
memory location to the Accumulator. 





i 


1 






















ADDC A, - data 


(A) - (A) + (C) + data 


Add immediate with carry the specified 
data to the Accumulator. 



d7 






d5 


1 
d4 



d3 



d 2 


1 
d1 


do 








ADDC A, Rr 


(A) - (A) + (C) + (Rr) 
for r - - 7 


Add with carry the contents of the 
designated register to the Accumulator. 





i 


1 


1 


1 


r 


' 










ADDCA,@Rr 


(A) - (A) + (C) + ((Rr)) 
for r - - 1 


Add indirect with carry the contents of 
data memory location to the 
Accumulator. 





i 


1 


1 



















ANL A, -data 


(A) - (A) AND data 


Logical and specified Immediate Data 
with Accumulator. 



dy 


i 

«8 



dB 


1 
d 4 



d3 



d 2 


1 
dl 


do 








ANL A, Rr 


(Al - (A) AND (Rr) 
for r - - 7 


Logical and contents of designeted 
register with Accumulator. 





1 





1 


1 


' 


' 










ANL A, @Rr 


(A) - (A) AND ((Rr)) 
f or r - - 1 


Logical and Indirect the contents of data 
memory with Accumulator. 





1 





1 



















CPL A 


(A) - NOT (A) 


Complement the contents of the 
Accumulator. 








1 


1 





1 


1 










CLR A 


<A>-0 


CLEAR the contents of the Accumulator. 








1 








1 


1 










DA A 




DECIMAL ADJUST the contents of the 
Accumulator. 





1 





1 





1 


1 








• 


DEC A 


(A) - (Al - 1 


DECREMENT by 1 the Accumulator's 
contents. 

















1 


1 










INC A 


(A) - (A) + 1 


Increment by 1 the Accumulator's 
contents. 











1 





1 


1 










ORL A, - data 


(A) - (A) OR data 


Logical OR specified immediate data 
with Accumulator 



«*7 


1 
de 



dS 




d 4 



d3 




d 2 


1 
dl 


do 


2 






ORLA, Rr 


(A) - (A) OR (Rr) 
for r - - 7 


Logical OR contents of designated 
register with Accumulator. 





i 








1 


' 


' 










ORL AffliRr 


(A) - (A) OR ((Rr)) 
for r - - 1 


Logical OR Indirect the contents of data 
memory location with Accumulator. 





1 

























RLA 


(AN + 1)«-(AN) 
(A ) - (Ay) 
for N - - 6 


Rotate Accumulator left by 1-bit with- 
out carry. 


1 


i 


1 








1 


1 










RLCA 


(AN + 1)-(AN);N-0-6 
(Aol - (C) 
(C) - (Ay) 


Rotate Accumulator left by 1-bit through 
carry. 


1 


i 


1 


1 





1 


1 








• 


RR A 


<AN)-(AN + 1);N-0-6 
(Ay) - (Afj> 


Rotate Accumulator right by 1 -bit 
without carry. 





i 


1 


1 





1 


1 










RRCA 
SWAP A 


<AN)-(AN+1);N-0-6 
(Ayl - (C) 
(C) - (A ) 
(A 4 .y) 2 (A - 3) 


Rotate Accumulator right by 1 -bit 
through carry- 
Swap the 24-bit nibbles in the 
Accumulator. 






1 
i 


1 











1 
1 


1 
1 








• 


XRLA, -data 


(A) - (A) XOR data 


Logical XOR specified immediate data 
with Accumulator. 


1 

dy 


i 

°6 



d5 


1 

d 4 




d 3 




d 2 


1 
dl 


do 


2 






XRLA, Rr 


(A) - (Al XOR (Rr) 
for r - - 7 


Logical XOR contents of designeted 
register with Accumulator. 


1 


1 





1 


1 


' 


' 










XRLA,®Rr 


<A)-(A)XOR((Rr)) 
for r - - 1 


Logical XOR Indirect the contents of dete 
memory locetion with Accumuletor. 


1 


1 





1 





















BRANCH 


DJNZ Rr, addr 


(Rr)-(Rr)-1;r-0-7 

If (Rr) * 

(PC - 7) - addr 


Decrement the specified register and 
test contents. 


1 
■7 


1 
as 


1 
"6 



a4 


1 

83 


82 


81 


80 


2 


2 




JC addr 


(PC - 7) «- addr if C - 1 
(PC) - (PC) + 2 If C - 


Jump to specified address If carry flag 

is set. 


1 
•7 


1 
«6 


1 
«B 


1 
e 4 




83 


1 
a 2 


1 

81 




80 


2 


2 




JMP itddr 


(PC 8 - 10) - addr 8 -10 
(PC0-7)-addr0-7 
(PC 11) - DBF 


Direct Jump to specified address within 
the 2K address block. 


"10 
»7 


»9 


»8 
»5 



»4 




83 


1 

8 2 







80 


2 


2 




JMPP 9 A 


(PC 0-7)- ((A)) 


Jump indirect to specified address with 
address page. 


1 





1 


1 








1 


1 


2 


1 




JNC addr 


(PC0-7)-addrlfC-0 
(PC) - (PC) + 2 if C - 1 


Jump to specified address if carry flag is 
low. 


1 
«7 


1 
»6 


1 
"5 




8 4 



83 


1 

•2 


i, 

1 

81 



80 


2 


2 




JNT1 addr 


(PC 0- 7) -addr if T1 -0 
(PC) - (PC) + 2 if T1 - 1 


Jump to specified address If Test 1 is low. 



■7 


1 
•6 









»3 


1 

82 



so 


2 


2 




JNZaddr 


(PC 0-7) -addr if A-0 
(PC) - (PC) + 2 if A - 


Jump to specified eddress if 
Accumulator is non-zero. 


1 
87 




»e 



■6 


1 
84 



83 


1 

82 


1 
81 




80 


2 


2 




JTF addr 


(PC - 7) - addr If TF - 1 
(PC) - (PC) + 2 if TF - 


Jump to specified address if Timer Flag 
is set to 1 . 



•7 



•6 



•5 


1 

8 4 



83 


1 

82 


1 
81 




80 


2 


2 




JT1 addr 


(PC -7) -addr if T1 -1 
(PC) - (PC) + 2 if T1 - 


Jump to specified address If Test 1 Is a 1 . 



»7 


1 

"6 



•B 


1 

•4 




83 


1 

82 


1 
81 




80 


2 


2 




JZ addr 


(PC 0-7) -addr if A-0 
(PC) - (PC) + 2 If A - 


Jump to specified address if Accumulator 
Is a 


1 
■7 


1 
»6 



■5 




84 




83 


1 

82 


1 
81 




80 


2 


2 
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PACKAGE OUTLINE 
MPD8021C 



ITEM 


MILLIMETERS 


INCHES 


A 


38.0 MAX 


1.496 MAX 


B 


2.49 


0.098 


C 


2.54 


0.10 





0.5 ±0.1 


0.02 i 0.004 


E 


33.02 


1.3 


F 


1.5 


0.059 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.02 MIN 


I 


5.22 MAX 


0.205 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.6 


L 


13.2 


0.52 


M 


25 + a, ° 
0.05 


„ „ + 0.004 
001 - 0.002 
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DESCRIPTION 



FEATURES 



PIN CONFIGURATION 



SINGLE CHIP 8-BIT MICROCOMPUTER 
WITH ON-CHIP A/D CONVERTER 

The NEC juPD8022 is designed for low cost, high volume applications requiring large 
ROM space, analog to digital conversion capability, a capacitive touchpanel keyboard 
interface and/or a power line time base. The juPD8022 satisfies these requirements by 
integrating on one chip, an 8-bit ;itPD8021 type processor with 2K of ROM, a 2 channel 
8-bit A/D converter, a high impedance comparator input port, and a zero crossing 
detector. 

8-Bit Processor, ROM, RAM, I/O and Clock Generator 

Single +5V Supply (4.5V to 6.5V) 

NMOS Silicon Gate Technology 

2K x 8 ROM, 64 x 8 RAM, 26 I/O Lines 

On Chip 8-Bit A/D Converter with 2 Input Channels 

8.3 /us Instruction Cycle Timer 

Instructions are a Subset of ;uPD8048; Superset of MPD8021 

Internal Timer/Event Counter 

External and Timer/Counter Interrupts 

On-Chip Zero-Cross Detector 

High Impedance Comparator Port with Variable Threshold 

Clock Generator Using a Crystal or Single Inductor 

High Current Drive Capability on 2 I/O Pins 

Expandable I/O Utilizing the/uPD8243 

Available in 40-Pin Plastic Dual-ln-Line Package 



vcc 

P25 

P24 

PROG 

P23 

P 2 2 

P 2 1 

P20 

P17 

P16 

P15 

P14 

P13 

P12 

P11 

P10 

RESET 

XTAL2 

XTAL 1 

SUBST 




P26£ 


1 ^ 


40 




P27r 


2 


39 


J 


AV C C C 


3 


38 


3 


V AREFQ 


4 


37 


3 


AN1 r- 


5 


36 


3 


ANOr- 


6 


35 


J 


AVsSQ 


7 


34 


3 


TOC 


8 


33 


3 


V-THC 


9 


32 


3 


p oC 


10 t^PD 


31 


3 


p iC 


1 1 8022 


30 


3 


P 2C 


12 


29 


3 


P 3C 


13 


28 


3 


P4C 


14 


27 


3 


PbC 


15 


26 


3 


PeC 


16 


25 


3 


p?c 


17 


24 


3 


ALEC 


18 


23 


3 


TtC 


19 


22 


3 


VssC 


20 


21 


3 
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BLOCK DIAGRAM 



RESET - 
PROG ■ 

ALE . 



CLOCK/CONTROL 



8-BIT 
PROCESSOR 



INTERRUPT 
LOGIC 



2048x8 

MASK ROM 

PROGRAM MEMORY 



c 



8-BIT 

TIMER/EVENT 

COUNTER 



64x8 

RAM 

DATA MEMORY 



DIGITAL I/O LINES 



^U 



PORT Vth 



d 



HI-IMPI:DANCE 

COMPARATOR 

PORT 



n_TL_f 



^ 



2. 



TWO CHANNEL 

8-BIT 

SUCCESSIVE APPROX 

A/D CONVERTER 



PORT 2 ANO AN1 V A REF 



Operating Temperature 0°Cto+70°C ABSOLUTE MAXIMUM 

Storage Temperature (Plastic Package) -65°C to +150°C RATINGS* 

Voltage on Any Pin -0.5 to +7 Volts© 

Power Dissipation 1 Watt 



Note: © With Respect to Ground. 



T a = 25° C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



T a = 0°C to 70°C, Vcc ■ 5.5V ± 1V, V SS = 


ov 










PARAMETER 


I 
SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 


-0.5 




0.8 


V 


V-pn Floating 


Input Low Voltage 
(Port 0) 


V|L1 


-0.5 




Vth-0.1 


V 




Input High Voltage 

(All except XTAL 1 , RESET) 


V|H 


2.0 




vcc 


V 


V C C " 5.0V 

± 10% 

Vth Floating 


Input High Voltage 

(All except XTAL 1, RESET) 


V|H1 


3.0 




vcc 


V 


Vcc " 5.5V 

± 1V 

Vth Floating 


Input High Voltage 
(Port 0) 


V|H2 


VTH+0.1 




vcc 


V 




Input High Voltage 
(RESET, XTAL 1) 


V|H3 


3.0 




vcc 


V 


V C C = 5.0V 

± 10% 


Port Threshold Voltage 


vth 







0.4 Vcc 


V 




Output Low Voltage 


vol 






0.45 


V 


'OL = 1-7 mA 


Output Low Voltage 
<P10. P11> 


V L1 






2.5 


V 


IqL = 7 mA 


Output High Voltage 
(All unless open drain 
option for Port 0) 


VOH 


2.4 






V 


'OH = 50 mA 


Input Current (T1) 


"L1 






±200 


ma 


vcc > V| N 

> V S s + 0.45V 


Output Leakage Current 
(Open drain option for 
Port 0) 


lLO 






±10 


/uA 


VCC> V|N 
> V S s + 0.45V 


Vcc Supply Current 


>CC 




50 


100 


mA 





DC CHARACTERISTICS 
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PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


8 


T 


Active low interrupt input if enabled. Also testable using the 
conditional jump instructions JTO and JNTO. 


19 


T 1 


Zero-cross detector input. After executing a STRT CNT instruc- 
tion this becomes the event counter input. Also testable using 
the conditional jump instructions JT1 and JNT1. Optional ROM 
mask pull-up resistor available. 


6 


ANO 


Analog input to the A/D converter after execution of the SEL 
ANO instruction. 


5 


AN1 


Analog input to the A/D converter after execution of the SEL 
AN1 instruction. 


22 


XTAL1 


Input for internal oscillator connected to one side of a crystal or 
inductor. Serves as an external frequency input also (Non-TTL 
compatible V|^). 


23 


XTAL2 


Input for internal oscillator connected to the other side of a 
crystal or inductor. This pin is not used when employing an 
external frequency source. 


37 


PROG 


Strobe output for the^/PD8243 I/O expander. 


18 


ALE 


Active high address latch enable output occurring once every 
instruction cycle. Can be used as an output clock. 


24 


RESET 


Active high input that initializes the processor to a defined 
state and starts the program at memory location zero. 


40 


V CC 


+5V power supply. 


3 


AV CC 


+5V A/D converter power supply. 


20 


V SS 


Power supply ground potential. 


7 


AV SS 


A/D converter power supply ground potential. Sets conversion 
range lower limit. 


4 


VA REF 


Reference voltage for A/D converter. Sets conversion range 
upper limit. 


9 


V TH 


Port comparator threshold reference input. 


21 


SUBST 
(NC) 


Substrate connection used with bypass capacitor to Vgg for sub- 
strate voltage stabilization and improvement of A/D accuracy. 


10-17 


P 00' P 07 


Port 0. 8-bit open drain I/O port with comparator inputs. The 
reference threshold is set via V-^. Optional ROM mask pull-up 
resistors available. 


25-32 


P 10" P 17 


Port 1. 8-bit quasi-bidirectional port. TTL compatible. 


1-2 
33-36 
38-39 


P 20" P 27 


Port 2. 8-bit quasi-bidirectional port. TTL compatible. p2o" P 23 
also function as an I/O expander port for the /iPD8243. 
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T a = 0°C to 70°C, V CC = 5.5V ± 1V, V S s = OV 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Cycle Time 


*CY 


8.38 




50.0 


US 


3.58 MHz XTAL 
for tcY m ' n - 


Zero-Cross Detection 
Input (T1) 


V T 1 


1 




3 


VACpp 


AC coupled 


Zero-Cross Accuracy 


AZX 






±135 


mV 


60 Hz Sine Wave 


Zero-Cross Detection 
Input Frequency (T1) 


FZX 


0.05 




1 


kHz 




Port Control Setup 
Before Falling Edge of 
PROG 


tCP 


0.5 






MS 


tcY = 8.38 ms, 
C L =80pF 


Port Control Hold 
After Falling Edge of 
PROG 


tPC 


0.8 






MS 


tCY =8.38 ms, 
C L = 80pF 


PROG to Time P2 Input 
Must be Valid 


tPR 






1.0 


MS 


tcY = 8.38 ms, 
C L = 80pF 


Output Data Setup Time 


tpp 


7.0 






MS 


tcY =8.38 ms, 
C L = 80pF 


Output Data Hold Time 


tPD 


8.3 






MS 


tcY = 8.38 ms, 
C L = 80pF 


Input Data Hold Time 


tPF 







150 


ns 


tcY = 8.38 ms, 
C L = 80pF 


PROG Pulse Width 


tpp 


8.3 






MS 


tcY =8.38 ms, 
C L = 80 pF 


ALE to Time P2 Input 
Must be Valid 


tPRL 






3.6 


MS 


tQY = 8.38 ms, 
C L = 80pF 


Output Data Setup Time 


tPL 


0.8 






MS 


tQY = 8.38 ms, 
C L =80pF 


Output Data Hold Time 


tLP 


1.6 






MS 


tQY = 8.38 ms, 
C L = 80 pF 


Input Data Hold Time 


tPFL 









MS 


tQY = 8.38 ms, 
C L = 80pF 


ALE Pulse Width 


*LL 


3.9 




23.0 


MS 


tQY = 8.38 ms 
for min. 



AC CHARACTERISTICS 



PORT 2 TIMING 



TIMING WAVEFORM 




PORT 2 n , DATA 



PORT CONTROL 



t„r "J 



y 
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A/D CONVERTER T a = 0°C to 70°C, V cc = 5.5V ± 1V, v ss -ov, AV CC = 5.5V ± 1V,AV SS = 0V 

CHARACTERISTICS AV cc/ 2 < v aref < av cc 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Resolution 




8 






BITS 




Absolute Accuracy 








@ 


LSB 




Sample Setup Before 
Falling Edge of ALE 


tss 




0.20 




*CY 


© 


Sample Hold After 
Falling Edge of ALE 


tSH 




0.10 




*CY 


© 


Input Capacitance 
(ANO, AND 


Cad 




1 




PF 




Conversion Time 


tCNV 


4 




4 


»CY 




Conversion Range 




AV S S 




Maref 


V 




Reference Voltage 


V AREF 


AVcc/2 




AVcc 


V 





Note: © The analog signal on ANO and AN1 must remain constant during the sample time 
t SS + t SH' 
© .8%FSR± 1/2 LSB 



TIMING WAVEFORM 



J 



ANALOG INPUT 



l ss- 



ANALOG 
INPUT 



>: 



r 



l SH 



a 
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The instruction set of the /iPD8022 is a subset of the /uPD8048 instruction set except 
for three instructions, SEL ANO, SEL AN1, and RAD, which are unique to the 
MPD8022. The //PD8022 instruction set is also a superset of the MPD8021 , meaning 
that the /iPD8022 will execute ALL of the /uPD8021 instructions PLUS some 
additional instructions which are listed below. For a summary of the /JPD8021 instruc- 
tion set, please refer to that section. Symbols used below are defined in the same man- 
ner as in that section. Also note that the instructions listed below do not affect any 
status flags. 



INSTRUCTION SET 



MNEMONIC 


FUNCTION 


DESCRIPTION 


INSTRUCTION CODE 


CYCLES 


BYTES 


D 7 


D6 


D 5 


D 4 


D3 


D 2 


D1 


Do 


JTO addr 


(PC -7>*-addr if 
T0= 1 

(PC)i-(PC) + 2 
if TO = 


Jump to specified address if 
TO is high 




a 7 




36 


1 
85 


1 
a 4 



a 3 


1 
a 2 


1 

31 



a 


2 


2 


JNTO addr 


(PCrj-7)*-addr if 
T0 = 

(PC)*- (PC) + 2 
if TO = 1 


Jump to specified address if 
TO is low 



a 7 




36 


1 

a 5 



a 4 




33 


1 
a 2 


1 
31 



a 


2 


2 


RAD 


(A)<-(CRR) 


Move to A the contents of 
the A/D conversion result 
register (CRR) 


1 























2 




SEL ANO 




Select ANO as the input 
for the A/D converter 


1 

























SEL AN1 




Select AN1 as the input 
for the A/D converter 


1 








1 
















EN I 




Enable the external 
interrupt input TO 




























DIS I 




Disable the external 
interrupt input TO 











1 
















ENTCNTI 




Enable internal timer/ 
counter interrupt 








1 



















DISTCNTI 




Disable internal timer/ 
counter interrupt 








1 


1 
















RETI 


(SP)<-(SP)- 1 
(PC)«-((SP)) 


Return from interrupt and 
re-enable interrupt input 
logic 


1 








1 








1 




2 






PACKAGE OUTLINE 
MPD8022C 



0° - 15°— ' V- 



Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


SI. 5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 i 0.1 


0.10 i 0.004 


D 


0.5 t 0.1 


0.01910.004 


E 


48.26 


1.9 


F 


1.2 MIN 


0.047 MIN 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.019 MIN 


r 


5.22 MAX 


0.206 MAX 


j 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 


L 


13.2 


0.620 


M 


♦ 0.1 
- 0.05' 


♦ 0.004 
-0.OO2 
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pPD8041A 
jiPD8741A 



UNIVERSAL PROGRAMMABLE PERIPHERAL 
INTERFACE - 8-BIT MICROCOMPUTER 

DESCRIPTION The juPD8041 A/8741 A is a programmable peripheral interface intended for use 
in a wide range of microprocessor systems. Functioning as a totally self-sufficient 
controller, the MPD8041 A/8741 A contains an 8-bit CPU, 1 K x 8 program 
memory, 64 x 8 data memory, I/O lines, counter/timer, and clock generator in a 
40-pin DIP. The bus structure, data registers, and status register enable easy interface 
to 8048, 8080A or 8085 A based systems. The MPD8041 A's program memory is fac- 
tory mask programmed, while the juPD874.1 A's program memory is UV EPROM to 
enable user flexibility. 
F E ATI) RES • Fully Compatible with 8048, 8080A, 8085A and 8086 Bus Structure 

• 8-Bit CPU with 1 K x 8 ROM, 64 x 8 RAM, 8-Bit Timer/Counter, 
18 I/O Lines 

• 8-Bit Status and Two Data Registers for Asynchronous Slave-to-Master 
Interface 

• Interchangeable EPROM and ROM Versions 

• Interrupt, DMA or Polled Operation 

• Expandable I/O 

• 40-Pin Plastic or Ceramic Dip 

• Single +5V Supply 



PIN CONFIGURATION 



TO C 


1 


W 


40 


3 


vcc 


xi C 


2 




39 


P 


T1 


x 2 C 


"3 




38 


Id 


P27/DACK 


RESET C 


4 




37 


3 


P26/DRQ 


ss c 


5 




36 


D 


P25/IBF 


cs c 


6 




35 


D 


P24/OBF 


EA C 


7 




34 


D 


P17 


RD C 


8 




33 


3 


P16 


A0 C 


9 


(iPD 


32 


3 


P15 


WR C 
SYNC C 


10 
11 


8041 A/ 


31 
30 


3 
3 


P14 
Pl3 


'D C 


12 


8741A 


29 


3 


P12 


D1 C 


13 




28 


3 


P11 


D 2 C 


14 




27 


3 


P10 


D3 C 


15 




26 


3 


VDD 


D 4 C 


16 




25 


3 


PROG 


D 5 C 


17 




24 


3 


P23 


D 6 C 


18 




23 


3 


P 2 2 


D?C 


19 




22 


3 


P21 


v ssC 


20 




21 


3 


P20 




Rev/2 
341 



f/PD8041 A/8741 A 



PIN 


FUNCTION 


NO. 


SYMBOL 


1,39 


To-Tt 


Testable input pins using conditional transfer functions 
JTO, JNTO, JT1, JNT1. Tj can be made the counter/timer 
input using the STRT CNT instruction. The PROM pro- 
gramming and verification on the /JPD8741 A uses To. 


2 


*1 


One side of the crystal input for external oscillator or 
frequency source. 


3 


X 2 


The other side of the crystal input. 


4 


RESET 


Active-low input for processor initialization. RESET is also 
used for PROM programming, verification, and power down. 


5 


SS 


Single Step input (active-low). SS together with SYNC out- 
put allows the /iPD8741 A to "single-step" through each 
instruction in program memory. 


6 


CS 


Chip Select input (active-low). CS is used to select the 
appropriate juPD8041 A/8741 A on a common data bus. 


7 


EA 


External Access input (active-high). A logic "1" at this input 
commands the /xPD8041 A/8741 A to perform all program 
memory fetches from external memory. 


8 


RD 


Read strobe input (active-low). RD will pulse low when the 
master processor reads data and status words from the DATA 
BUS BUFFER or Status Register. 


9 


A 


Address input which the master processor u;;es to indicate if 
a byte transfer is a command or data. 


10 


WR 


Write strobe input (active-low). WR will pulse low when the 
master processor writes data or status words to the DATA 
BUS BUFFER or Status Register. 


11 


SYNC 


The SYNC output pulses once for each jixPD8041 A/8741 A 
instruction cycle. It can function as a strobe for external 
circuitry. SYNC can also be used together with SS to 
"single-step" through each instruction in program memory. 


12-19 


D -D7 BUS 


The 8-bit, bi-directional, tri-state DATA BUS BUFFER lines 
by which the /iPD8041 A/8741 A interfaces to the 8-bit 
master system data bus. 


20 


v S s 


Processor's ground potential. 


21-24, 
35-38 


P 20 -P27 


PORT 2 is the second of two 8-bit, quasi-bi-directional I/O 
ports. P20" p 23 contain the four most significant bits of the 
program counter during external memory fetches. P20-P23 
also serve as a 4-bit I/O bus for the MPD8243, INPUT/ 
OUTPUT EXPANDER. P24-P27 can be used as port lines or 
can provide Interrupt Request (IBF and OBF) and DMA 
handshake lines (DRG and DACK). 


25 


PROG 


Program Pulse. PROG is used in programming the ^tPD8741 A. 
It is also used as an output strobe for the juFD8243. 


26 


V D D 


Vpp i s tne programming supply voltage for programming 
the /zPD8741 A. It is +5V for normal operation of the 
/UPD8041 A/8741 A. V DD is also the Low Power Standby 
input for the ROM version. 


27-34 


p 10- p 17 


PORT 1 is the first of two 8-bit quasi-bi-directional I/O ports. 


40 


v C c 


Primary power supply. Vqc must be +5V for programming 
and operation of the )uPD8741 A and for the operation of the 
/iPD8041A. 



PIN IDENTIFICATION 
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FUNCTIONAL 
DESCRIPTION 



MPD8041 A/8741 A 

FUNCTIONAL 

ENHANCEMENTS 



The jiiPD8041 A/8741 A is a programmable peripheral controller intended for use 
in master/slave configurations with 8048, 8080A, 8085A, 8086 — as well as most 
other 8-bit and 16-bit microprocessors. The juPD8041 A/8741 A functions as a 
totally self-sufficient controller with its own program and data memory to effectively 
unburden the master CPU from I/O handling and peripheral control functions. The 
MPD8041 A/8741 A is an intelligent peripheral device which connects directly to the 
master processor bus to perform control tasks which off load main system processing 
and more efficiently distribute processing functions. 

The juPD8041 A/8741 A features several functional enhancements to the earlier 
/xPD8041 part. These enhancements enable easier master/slave interface and increased 
functionality. 

1. Two Data Bus Buffers. Separate Input and Output data bus buffers have been 
provided to enable smoother data flow to and from master processors. 







D0-D7 




INPUT DATA 

BUS BUFFER 

(8) 



OUTPUT DATA 

BUS BUFFER 

(8) 



3 



£ 



INTERNAL 
DATA BUS 



2. 8-Bit Status Register. Four user-definable status bits, ST4-ST7, have been 
added to the status register. ST4-ST7 bits are defined with the MOV STS, A 
instruction which moves accumulator bits 4-7 to bits 4-7 of the status register. 
ST0-ST3 bits are not affected. 




ST 7 


ST 6 


ST5 


ST4 


F1 


F0 


IBF 


OBF 



D7 D6 D5 D4 D3 D2 D1 

MOV STS, A Instruction OP Code 90H 



DO 



3. RD and WR inputs are edge-sensitive. Status bits IBF, OBF, F1 and INT are 
affected on the trailing edge at RD or WR. 



RDorWR 



0i~ Flags 



affected 
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4. P24 and P25 can be used as either port lines or Buffer Status Flag pins. This 
feature allows the user to make OBF and IBF status available externally to 
interrupt the master processor. Upon execution of the EN Flags instruction, 
P24 becomes the OBF pin. When a "1" is written to P24, the OBF pin is 
enabled and the status of OFB is output. A "0" written to P24 disables the 
OBF pin and the pin remains low. This pin indicates valid data is available from 
the /XPD8041 A/8741 A. EN Flags instruction execution also enablus P25 indi- 
cate that the juPD8041 A/8741 A is ready to accept data. A "1 " written to P25 
enables the IBF pin and the status of IBF is available on P25. A "0" written to 
P25 disables the IBF pin. 

EN Flags Instruction Opcode — F5H. 

5. P26 and P27 can be used as either port lines orDMA handshake lines to allow 
DMA interface. The EN D MA ins truction enables P26 and P27 to be used as 
DRQ (DMA Request) and DACK (DMA acknowledge) respectively. When a 
"1" is written to P26, DRQ is activated and a DMA request is issued. Deacti- 
vation of DRQ is accomplished by the execution of the EN DMA instruction, 
DACK anded withJRT), or DACK anded with WR". When EM DMA has been 
executed, P27 (DACK) functions as a chip select input for the Data Bus 
Buffer registers during DMA transfers. 

EN DMA Instruction Op Code - E5H. 



juPD8041 A/8741 A 
FUNCTIONAL 
ENHANCEMENTS (CONT.) 



BLOCK DIAGRAM 



MASTER SYSTEM INTERFACE 



PERIPHERAL INTERFACE 
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ABSOLUTE MAXIMUM 
RATINGS* 



DC CHARACTERISTICS 



Operating Temperature C to +70 C 

Storage Temperature (Ceramic Package) -65°C to +150°C 

Storage Temperature (Plastic Package). . -65°C to+150°C 

Voltage on Any Pin , -0.5 to +7 Volts© 

Power Dissipation 1.5 Watt 

T a = 25°C 

♦COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause perma- 
nent damage to the device. This is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 
Note: (T) With respect to ground. 

T a = 0"C to + 70°C; V D D " VCC " +5V * 10%; Vss = 0V 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 
(All except Xi and X2) 


V|L 


-0.5 




+0.8 


V 




Input Low Voltage 
(Xt and X 2 , RESET) 


V|L1 


-0.5 




0.6 


V 




Input High Voltage 

(All except X 1( X 2 , RESET) 


V|H 


2.0 




VCC 


V 




Input High Voltage 
(Xl,X2, RESET) 


V|H1 


3.8 




vcc 


V 




Output Low Voltage 
(D0-D7, SYNC) 


vol 






0.45 


V 


lOL = 2.0 mA 


Output Low Voltage 

(All other outputs except PROG) 


VOL1 






0.45 


V 


IOL = 1.0 mA 


Output Low Voltage (PROG) 


VOL2 






0.45 


V 


IOL = 1.0 mA 


Output High Voltage (D0-D7) 


Voh 


2.4 






V 


'OH =-400nA 


Output High Voltage 
(All other outputs) 


VOH1 


2.4 






V 


■ OH --50/uA 


Input Leakage Current 

(To, Ti , RD, WR, CS, EA, A ) 


l|L 






±10 


MA 


VSS<V|N< 

vcc 


Output Leakage Current 
( D 0" D 7; H, 9 n z State) 


tOL 






±10 


ma 


Vss + °- 45 < 
V|N < V C C 


Vqd Supply Current 


•dd 






15 


mA 




Total Supply Current 


'CC+ 'DD 






125 


mA 




Low Input Source Current 
<P10-P17;P20-P27> 


"LI 






0.5 


mA 


V|L = 0.8V 


Low Input Source Current 
(SS; RESET) 


•LI1 






0.2 


mA 


V| L «0.8V 
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T a = 0°C to +70°C; V DD ='V CC = +5V ± 10%; V SS ■ 



<0V 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


fiPD8041A 


*tPD8741A 


MIN | MAX 


MIN | MAX 


DBB READ 


CS, Ao Setup to RD I 


*AR 







60 




ns 




CS, Ao Hold after RDt 


tRA 







30 




ns 




RD Pulse Width 


*RR 


250 




300 


2 x t C Y 


ns 


tCY - 2.5 MS 


CS, Ao to Data Out Delay 


tAD 




225 




370 


ns 


C|_"150pF 


RD 4- to Data Out Delay 


tRD 




225 




200 


ns 


C|_»150pF 


RD t to Data Float Delay 


tDF 




100 




140 


ns 




Cycle Time 


tCY 


2.5 


15 


2.5 


15 


US 


6 MHz Crystal 


DBB WRITE 


CS, Ao Setup to WR 4- 


»AW 







60 




ns 




CS, Ao Hold after WR t 


*WA 







30 




ns 




WR Pulse Width 


tww 


250 




300 


2xt C Y 


ns 


tCY " 2 - 5 MS 


Data Setup to WR t 


tDW 


150 




250 




ns 




Data Hold after WR t 


tWD 







.30 




ns 





READ OPERATION - DATA BUS BUFFER REGISTER 



TIMING WAVEFORMS 




SYSTEM 
AOORESSBU5 



EAD CONTROL 



WRITE OPERATION - DATA BUS BUFFER REGISTER 




;< 



H 



s 



WRITE CONTROL 



DATA CAN CHANGE 



>^ 



-DATA VALID- 



^<: 



DATA CAN CHANGE 
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INSTRUCTION CODE 










FLAGS 




MNEMONIC 


FUNCTION 


DESCRIPTION 


07 D 6 


OS 


04 


C>3 


02 


Dl 


Do 


CYCLES 


BYTES 


C AC FO F1 IBF OBF 


8T4.7 




ACCUMI 


LATOR 


ADD A. - d.rta 


ADD A - data. 


Add Immediate the specified Data to the 

















1 




2 


2 










Accumulator. 


d7 de 


d5 


d4 


d3 


d 2 


di 


do 










ADDA. Rr 


IAI • IAI • IRrl 
for r - - 7 


Add contents of designated register to 
the Accumulator. 


1 


1 





1 


' 














ADD A. @ Rr 


IAI - IAI • IIRrll 

for r - - 1 


Add Indirect the contents the data 
memorv^ocation to the Accumulator. 


1 


1 
























ADDC A. = data 


IAI • IAI * ICI * dala 


Add Immediate with carry the specified 








1 








1 




2 


2 










data to the Accumulator. 


d7 d6 


d5 


d4 


d3 


d 2 


di 


do 










AOOC A. Rr 


IAI • IAI • ICI < IRrl 

for r - - 7 


Add with carry the contents ol the 
designated register to the Accumulator 


1 


1 


1 


1 




' 












ADCC A, ®n, 


IAI ■ IAI • ICI » IIRrll 

for r - - 1 


Add Indirect with carry the contents ol 


1 


' 


1 





















ANL A. .-data 


1A1 ■ IAI AND data 


Logical and specified Immediate Dala 


1 





1 








1 






2 










with Accumulator 


d7 d 6 


dS 


4 


"3 


d 2 


di 


dO 










ANL A. R> 


IAI ■ IAI AND IRrl 
for r - - 7 


Logical and contents ol designated 
register with Accumulator. 


1 





1 


1 


1 


' 












ANL A. $> Rr 


IAI ■ (Al ANDMIRill 
for r - - 1 


Logical and Indirect (he contents ol data 


1 





' 





















CPL A 


IAI • NOT IAI 


Complement the contents ol the 
Accumulator. 





' 


' 





1 


' 












CLR A 


IAI ■ 


CLEAR the contents ol the Accumulator 





l 








1 














DA A 




DECIMAL ADJUST theconlents ol the 
Accumulator. 


1 





. ' 





1 










• 




DEC A 


IAI ■ IAI- 1 


DECREMENT by 1 the accumulators 














1 














INC A 


IAI • IAI • 1 


Increment by 1 the accumulator's 








1 





1 














OR LA, = data 


IAI • IAI OR data 


Logical OR or specified immediate data 


1 






























with Accumulator. 


d7 d6 


If, 


d-1 


d3 


d 2 


di 


do 










ORL A. Rr 


IAI • IAI OR IRrl 
for r - - 7 


Logical ORcontents ol designated 
reqistei with Accumulator. 


1 








1 


' 














ORL A. <f»Ri 


IAI • IAI OR IIRrll 
for r - - 1 


Logical OR Indirect the contents ol data 
memory location with Accumulator. 


1 


























RL A 


IAN * 11 • IANI 
IA I •• (A 7 I 
lor N • - 6 


Rotate Accumulator lei! by 1 bit without 


1 1 


1 








1 














RLC A 


(AN + 11 -(AN), N -0-6 
IA I- ICI 
ICI • (A7I 


Rotate Accumulator left by 1 bit through 
carry. 


1 1 


1 


1 





1 










• 




RR A 


(AN|<- (AN + 1), N -0-6 
IA7I • IA I 


Rotate Accumulator right bv 1 bit 


1 


1 


1 


Q 


1 














RRC A 


(AN) -(AN + 1),N *0-6 
IA7I • (CI 
ICI • lAol 


Rotate Accumulatoi right bv 1 bit 
through carry. 


1 


1 








' 










# 




SWAP A 


(A4.7) - (A - 3) 


Swap the 2 4bn nibbles in the 
Accumulator. 


1 











1 














XRL A. -data 


IAI • IAI XORdata 


Logical XOR specified immediate data 


1 1 


. 


1 
























with Accumulator. 


d7 d6 


dB 


d4 


«3 


d 2 


di 


do 










XRL A. Rr 


IAI • IAI XOR IRrl 
lor r ■ - 7 


Logical XOR contents of designated 
register with Accumulator. 


1 1 





1 


1 


' 














XRL A. » ffr 


IAI ■ IAI XOR (IRrl) 
for r ■ - 1 


Logical XOR Indirect the contents of data 
memory location with Accumulator. 


1 1 





1 











' l ' 


' | 








BRANCH 














DJNZ Rr. addr 


(Rr)-(Rr)-1,r«0-7 


Decrement the specified register and 


1 1 


1 





1 


, 


■, 




2 


2 








If (Br) *0 


test contents 


»7 "6 


•5 


•4 


'3 


•2 


31 


ao 












(PC 0-7) -addr 


























JBb addr 


(PC 0-7) -addr if Bb - 1 


Jump to specified address if 


"2 b, 


b 


1 








'1 





2 


2 








(PC) - (PC) +.2 if Bb - 


Accumulator bit is set. 


•7 «6 


a S 


•4 


»3 


»2 


■1 


•0 










JCeddr 


(PC 0-7) -addr if C=-1 
(PC)-(PC)+.2ifC = 


Jump to specified address it carry flag 


1 1 
»1 «6 


1 
»5 


1 
•4 



'3 


"2 


1 


,. 
•0 


2 


2 






JFOedctr 


(PC 0-7) —addr if FO- 1 


Jump to ipacified address if Flag F0 is 


1 


1 


1 





1 


1 





2 


2 








(PC) -(PCI + 2 if FO»6 


set. 


•7 "6 


•5 


•4 


•3 


»2 


"1 


»0 










JFI addr 


(PC - 71 - addr if F 1 ■ 1 


Jump to specified address if Flag F 1 is 


1 


1 


1 





1 


1 





2 


2 








(PCI- IPC) » 2 if Ft -0 


set 


•7 «6 


•5 


■•4 


•3 


•2 


•1 


•0 










JIMP addr 


(PC 8 -101 -addr 8 -10 


Direct Jump to specified address within 


■10 "9 


•8 








1 








2 


2 








IPCO-7)-addrO-7 


the 2K address block. 


•7 »6 


•5 


•4 


•3 


•2 


»1 


•0 












(PC 11) -DBF 


























JMPP »A 


(PC 0.7)- ((A)) 


Jump indirect to specified address with 
with address page. 


1 


1 


1 








1 


1 


2 


1 






JNCaddr 


(PC - 7) - eddr if C • • 


Jump to specified address if carry flag it 


1 1 


1 








1 


1 





2 


2 








IPC) *- (PC) ♦ 2 if C ■ 1 


low. 


•7 «6 


•5 


•4 


•3 


•2 


•1 


•0 










JNIBF nidi 


IPC0- »» - addr if IBF ■ 


Jump 10 specified address if input buffer 


1 1 





1 





1 


1 





2 


2 








IPC* «- IPCI ♦ 2 if IBF ■ 1 


full flag is low. 


•7 •« 


•5 


•4 


•3 


•2 


•1 


•0 










JMF 


IPC0- 7) - addr it OBF ■ 1 


Jump to epecified address it output 


1 











1 


1 





2 


2 








(PC) - (PC) ♦ 2 if OBF - 


buffer full flag is set. 


•7 »6 


•5 


•4 


•3 


•2 


•1 


•0 
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INSTRUCTION SET (CONT.) 











IN 


TRUCTION CODE 










FLAGS 




MNEMONIC 


FUNCTION 




O7 Oj 


05 


04 


03 


D 2 


0\ 


DO 


CYCLES 


BYTES 


C AC FO F1 IBF OBF 


8T4.7 






BRAN !H (fONTl 




JNTO addr 


(PC - 7) - addr if TO - 
(PCI - (PC) + 2 if TO - 1 


Jump to specified address if Test is low. 



87 a 6 


1 
85 



84 




83 


1 
82 


81 




80 


2 


7 






JNT1 addr 


(PCO- 7) -addr if T1 -0 
(PCI- (PCI + 2 if T 1 = 1 


Jump to specified address if Test 1 is low. 


1 
»7 "6 




83 



84 



83 


1 

82 


81 




80 


2 


2 






JNZ addr 


(PCO- 7) —addr if A -0 
(PCI- (PCI +2 if A-0 


Jump to specified address if accumulator 


1 
B7 86 



85 


1 
84 



=3 


1 

82 


,', 



•0 


2 


2 






JTF addr 


(PC 0-7) -addr if TF - 1 
(PCI -(PCI + 2 if TF -0 


Jump to specified address if Timer Flag 
is set to 1. 



»7 "6 



86 


1 
84 



83 


1 
82 


a', 




80 


2 


2 






JTO addr 


(PC 0-7) -addr if TO- 1 
(PCI- (PCI + 2 if T0-0 


Jump to specified address if Test is a t. 



»7 86 


1 
85 


1 

84 



83 


82 


• 1 




80 


2 • 


2 






JT1 addr 


(PCO- 7) —addr if Tt - 1 
(PC) - (PC) + 2 if T1 * 


Jump to specilied address if Test 1 is a 1. 


1 
87 >6 



85 


t 

84 



83 


1 
82 


81 




80 


2 


2 






JZ addr 


(PC0-7l-addrif A-0 
(PCI- (PC) + 2 if A-0 


Jump to specified address if Accumulator 
isO 


1 1 
87 86 




85 




84 



83 


1 
=2 


.', 




80 


2 


2 










CONTROL 


EN I 




Enable the External Interrupt input. 














1 





1 


1 








DIS 1 




Disable the External Interrupt input. 








1 





1 





1 


1 








SEL HBO 
SELRB1 


IBS) - 

IBS) - 1 


Select Bank llocationa - 71 of Data 

Memory. 

Select Bank (locations 24 - 31 ) of 

Data Memory . 


1 1 
1 1 







1 






1 
1 






1 
1 


1 
1 








EN DMA 




Enable DMA Handshake. 


1 1 




1 





1 





1 


1 








EN FLAGS 




Enable Interrupt to Master Device. 


1 1 










1 





1 


1 












OATA MOVES 


MOV A. = dau 


IA) • data 


Move Immediate the specified data into 
the Accumuletor. 



d7 dg 


°5 



"A 



°3 



«2 


1 

dl 


1 
do 


2 


2 






MOV A. Rr 


(A) - (Rrl.r ■ 7 


Move the contents of the designated 
registers into the Accumulator. 


1 1 




' 


1 


' 


' 


' 










MOV A, s>n. 


(A>~ (IRrl). r *0 t 


Move Indirect the contents of datB 
memorv location into the Accumulator 


1 1 




1 











' 










MOV A, PSW 


1AI • {PSW) 


Move contents of the Program Status 
Word into the Accumulator. 


1 1 










1 


1 


1 










MOV Rr. » data 


IRrl - data, r ■ 7 


Move immediate the specified data into 
the designated register. 


1 
d7 d 6 


"5 


04 


03 


«2 


di 


do 










MOV Rr. A 


(Rrl - (A), r . 7 


Move Accumulator Contents into the 
designated register. 


1 







1 


' 


' 


' 










MOV ®Rr. A 


IIRrll- IA);r »0 1 


Move Indirect Accumulator Contents 
into data memory location. 


1 
















' 










MOV » Rr. ■ data 


Kfirll - data, < ■ 1 


Move Immediate the specified data into 
data memory- 


1 
d7 d6 


<f5 


1 
d4 



«3 



"2 



di 


"0 










MOV PSW. A 


(PSW) • IAI 


Move contents of Accumulator into the 
program status word. 


1 1 




1 





1 


1 


1 










MOVP A.® A 


(PCO 71 -IAI 
IAI - KPCII 


Mo>'e data in the current page into the 
Accumulator. 


1 













' 


' 










MOVP3 A.® A 


(PC 71 - (A) 
(PC 8 101-011 
IA) - IIPCII 


Move Program data in Page 3 into the 
Accumulator. 


t 1 













1 


1 










XCH A, Rr 


IAIS IRrl.r "0-7 


Exchange the Accumulator and 
designated register's contents. 










1 


' 


' 


' 










XCH A,#Rr 


IAI r KRrll; r ■ 1 


Exchange Indirect contents of Accumu 
lator and location in data memory. 



















' 










XCHO A. »R> 


(AO- SIS KRrll 0- 311; 
r -0- 1 


Exchange Indirect 4-bit contents of 
Accumulator and data memory. 







1 











' 










CPLC 


ICI - NOT ICI 


Complement Content of carry bit. 


1 












1 








• 




CPLFO 


IFOI - NOT (FOI 


Complement Content of Flag FO. 


1 




t 
















* 




CPL F1 


(F1I -N0TIF1I 


Complement Content of Flag F 1. 


1 




1 
















* 




CLRC 


ICI • C 


Clear content of carry bit to 0. 


1 




1 







1 








* 




CLRFO 


(FOI-O 


Clear content of Flag to 0. 


1 





















• 




CLRF1 


(FD-0 


Clear content of Flag 1 to 0. 


1 





















• 




MOV STS, A 


ST4.ST7 - A4-A7 


Move high order 4 bits of Accum- 
ulator into status register bin 4-7 


1 





1 
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MNEMONIC 


FUNCTION 


DESCRIPTION 


INSTRUCTION CODE 
D7 D8 05 04 D3 02 01 DO 


CYCLES 


BYTES 


FLAGS 
C AC F0 F1 IBF OBF 


8T4.7 




INPUT/OUTPUT 








ANL Pp. ' data 
ANLO Pp. A 
IN A. Pp 
IN A, DBB 
MOVO A. Pp 
MOVO Pp. A 
OR ID Pp. A 
ORLPp. = data 
OUT DBS. A 
OUTL Pp. A 


(Pp) • IPpI AND data 
P- 1 2 

(Ppl - (Ppl AND (A 3) 
p -4 7 

(Al • (Ppl; p - 1 2 

(A) - (DBB) 

(A 0-31- (Ppl; p- 4- 7 
IA4 71-0 
(Ppl-AO 3.P-4 7 

(Ppl - (Ppl OR (A 31 
p-4 7 

(Ppl - (Ppl OR data 
p ■ 1 2 
(DBB) IAI 

(Ppl • (Al; p ' 1 2 


Logical and Immediate specified data 
with designated port (1 or 2}. 

Logical and contents of Accumulator 
with dnionated port (4 - 7). 

Input data from designated port (1 or 2) 
into Accumulator. 
Input strobed DBB data into 
Accumulator and clear I BF , 
Move contents of designated port (4 - 7) 
into Accumulator. 
Move contents of Accumulator to 
designated port (4-7). 
Logical or contents of Accumulator with 
designated port (4 - 7). 
Logical or Immediate specified data with 
'designated port (1 or 2). 

Output contents of Accumulator onto 
DBB and set OBF. 

Output contents of Accumulator to 
designated port (1 or 2). 


1 1 1 p p 
d7 dg dfj d4 d3 d2 di do 
1 1 1 1 p p 

1 p p 

10 10 

1 1 p p 

1 1 11 p P 

1 1 1 p p 

1 1 p p 
d7 d6 d5 d<) d3 d2 d| do 
1 

1 1 1 p p 


2 
2 
2 
1 
2 


2 


• 




REGISTERS 




OEC Rr (Rrl 
INC Rr 
INC«Rf 


(Rrl -(Rrl 1;r>0 7 

(Rrl-IRrl *1:r-0 7 

(IRrll- KRrll t t. 
r - 1 


Decrement bv 1 contents of designated 

register. 

Increment bv 1 contents of designated 
register. 

Increment Indirect bv 1 the contents of 
data memorv location. 


1 1 1 r r r 
1 1 r r r 
1 r 












SUBROUTINE 










CALL addr 

RET 
RETR 


(ISPII • (PCI, (PSW4 71 
(SPI • (SPI * 1 
(PC 8 101 • addr8 10 
(PC 71 - addr 7 
(PC 111 - DBF 

(SPI - (SPI 1 
(PC) ■ (ISPII 
(SPI - (SPI 1 
(PCI- ((SPI) 
(PSW4 71- ((SPII 


Call designated Subroutine. 

Return from Subroutine without 
restoring Program Status Word. 
Return from Subroutine restoring 
Program Status Word. 


a )0 ag ag 1 1 
a7 ag a 5 84 33 a2 ai ao 

10 1 1 
10 10 11 


2 
2 


2 

1 
1 






TIMER/COUNTER 




EN TCNTI 
OIS TCNTI 
MOV A. T 
MOV T. A 

STOP TCNT 

STRT CNT 


(Al • (Tl 
(Tl • IAI 


Enable Internal interrupt Flag for 
Timer/Counter output. 
Disable Internal interrupt Flag for 
Timer/Counter output. 

Move contents of Timer/Counter into 

Accumulator. 

Move contents of Accumulator into 

Timer/Counter. 

Stop Count for Event Counter. 

Start Count for Event Counter. 

Start Count for Timer. 


10 10 1 

0-0 1 1 1 1 

10 10 

1 10 10 

110 10 1 
10 10 1 
10 10 10 1 




1 

1 

1 

1 

1 
1 






MISCELLANEOUS 


NOP I 1 No Operation performed. 10 1 ' 1 ' 1 



Notes (?) Instruction Code Designations r ano p form the binary representation of the Registers and Ports involved. 

@ The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appears in. 

(3) References to the address and data are specified in bytes 2 and or 1 of the instruction. 

@ Numerical Subscripts appearing in the FUNCTION column reference the specific bits affected. 




Symbol Definitions: 



SYMBOL 


DESCRIPTION 


A 


The Accumulator 


AC 


The Auxiliary Carry Flag 


addr 


Program Memory Address (12 bits) 


Bb 


Bit Designator (b = - 7) 


BS 


The Bank Switch 


BUS 


The BUS Port 


C 


Carry Flag 


CLK 


Clock Signal 


CNT 


Event Counter 


D 


Nibble Designator (4 bits) 


data 


Number or Expression (8 bits) 


DBF 


Memory Bank Flip-Flop 


F0.Fi 


Flags 0, 1 


1 


Interrupt 


P 


"In-Page" Operation Designator 


IBF 


Input Buffer Full Flag 



SYMBOL 


DESCRIPTION 


Pp 


Port Designator (p = 1, 2 or 4 - 7) 


PSW 


Program Status Word 


Rr 


Register Designator (r = 0, 1 or — 7) 


SP 


Stack Pointer 


T 


Timer 


TF 


Timer Flag 


T0.T1 


Testable Flags 0, 1 


X 


External RAM 


# 


Prefix for Immediate Data 


@ 


Prefix for Indirect Address 


$ 


Program Counter's Current Value 


(x) 


Contents of External RAM Location 


Ux)) 


Contents of Memory Location Addressed 
by the Contents of External RAM Location. 


«- 


Replaced By 


OBF 


Output Buffer Full 


DBB 


Data Bus Buffer 
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PACKAGE OUTLINE 
M PD8041AC 



Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 + 0.1 


0.10 ±0.004 


D 


0.5 ±0.1 


0.019 ±0.004 


E 


48.26 


1.9 


F 


1.2MIN 


0.047 MIN 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.019 MIN 


I 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 


L 


13.2 


0.520 


M 


.+ 0.1 
- 0.05 


+ 0.004 
0.010 

- 0.002 



-~&\~- 



-E- 



D 



1. 



TTiwrimnnnnnnnnri lo 

■■ —i 



I K - 



M PD8041AD 



0° - 15 c ^ 



Ceramic 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 10.1 


0.10010.004 


D 


0.50±0.1 


0.0197 10.004 


E 


48.26 ± 0.2 


1.900 + 0.01)8 


F 


1.27 


0.050 


G 


3.2 MIN 


0.126 MIN 


H 


1.0 MIN 


0.04 MIN 


I 


4.2 MAX 


0.17 MAX 


J 


5.2 MAX 


0.205 MAX 


K 


15.2410.1 


0.6 1 0.004 


L 


+ 0.2 
13-5 „ „ c 
- 0.25 


- 0.010 


M 


0.3010.1 


0.01210.01)4 



MPD8741AD 
Cerdip 




K *JUo.25 ± 0.05 "nr*" 
6 " 0-15° 




UULJIJLIULJLJLJIJUUUUUUUUUU 
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NEC 

NEC Electronics U.S. A. Inc. 

Microcomputer Division 



KPD8048 
fiPD8748 
MPD8035L 



/IPD8048 FAMILY OF SINGLE CHIP 
8-BIT MICROCOMPUTERS 



DESCRIPTION The jiiPD8048 family of single chip 8-bit microcomputers is comprised of the ^PD8048, 
MPD8748 and MPD8035L. The processors in this family differ only in their internal pro- 
gram memory options: The jiPD8048 with 1 K x 8 bytes of mask ROM, the jxPD8748 
with 1 K x 8 bytes of UV erasable EPROM and the juPD8035L with external memory. 



FEATURES 



Fully Compatible With Industry Standard 8048/8748/8035 

NMOS Silicon Gate Technology Requiring a Single +5V Supply 

2.5 lis Cycle Time. All Instruction 1 or 2 Bytes 

Interval Timer/Event Counter 

64 x 8 Byte RAM Data Memory 

Single Level Interrupt 

96 Instructions: 70% Single Byte 

27 I/O Lines 

Internal Clock Generator 

8 Level Stack 

Compatible With 8080A/8085A Peripherals 

Available in Both Ceramic and Plastic 40 Pin Packages 



PIN CONFIGURATION 



T oC 


1 


KJ 


40 


3 


XTAL 1 C 


2 




39 


3 


XTAL 2 C 


3 
4 




38 
37 


3 


RESET L 


3 


ss c 


5 




36 


3 


Tnt c 


6 




35 


3 


EAC 


7 




34 


3 


RD C 

PSEN C 

WR C 

ALE C 

DB Q C 


8 

9 

10 

11 

12 


fiPD 
8048/ 
8748/ 
8035 L 


33 
32 
31 
30 
29 


3 
3 
3 
3 
3 


DB 1 C 


13 




28 


3 


DB 2 C 


14 




27 


3 


DB 3 C 


15 




26 


3 


DB 4 C 


16 




25 


3 


DB 5 C 


17 




24 


3 


DB 6 C 


18 




23 


3 


DB 7 C 


19 




22 


3 


V SS C 


20 




21 


3 



'1 

P27 
P26 
P25 
P24 
P17 
P16 
P15 
P14 
P13 
P12 
P11 
P10 

V DD 
PROG 

P23 

P22 

P21 

P20 
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The NECmPD8048,mPD8748 and /iPD8035L are single component, 8 bit, parallel 
microprocessors using N-channel silicon gate MOS technology. The /xPD8048/8748/ 
8035L efficiently function in control as well as arithmetic applications. The flexibility 
of the instruction set allows for the direct set and reset of individual data bits within 
the accumulator and the I/O port structure. Standard logic function implementation 
is facilitated by the large variety of branch and table look-up instructions. 

The /zPD8048/8748/8035L instruction set is comprised of 1 and 2 byta instructions 
with over 70% single-byte and requiring only 1 or 2 cycles per instruction with over 
50% single-cycle. 

The MPD8048 series of microprocessors will function as stand alone microcomputers. 
Their functions can easily be expanded using standard 8080A/8085A peripherals and 
memories. 

The AiPD8048 contains the following functions usually found in external peripheral 
devices: 1024 x 8 bits of ROM program memory; 64 x 8 bits of RAM data memory; 
27 I/O lines; an 8-bit interval timer/event counter; oscillator and clock circuitry. 

The /iPD8748 differs from the MPD8048 only in its 1024 x 8-bit UV erasable 
EPROM program memory instead of the 1024 x 8-bit ROM memory. It is useful in 
preproduction or prototype applications where the software design has not yet been 
finalized or in system designs whose quantities do not require a mask ROM. 

The /iPD8035L is intended for applications using external program memory only. It 
contains all the features of theMPD8048 except the 1024 x 8-bit internal ROM. The 
external program memory can be implemented using standard 8080A/8085A memory 
products. 



FUNCTIONAL 
DESCRIPTION 



BLOCK DIAGRAM 



lP 



y jl i -ii i i iin 



. r 



352 



pPD8048/8748/8035L 



PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


1 


TO 


Testable input using conditional transfer functions JTO and 
JNTO. The internal State Clock (CLK) is available to To, 
using the ENTO CLK instruction. Tg can also be used 
during programming as a testable flag. 


2 


XTAL1 


One side of the crystal input for external oscillator or 
frequency (non TTL compatible V. H ). 


3, 


XTAL2 


The other side of the crystal input. 


4 


RESET 


Active low input for processor initialization. RESET is 
also used for PROM programming verification and power- 
down (non TTL compatible V,^). 


5 


SS 


Single Step input (active-low). SS together with ALE allows 
the processor to "single-step" through each instruction in 
program memory. 


6 


iKFf 


Interrupt input (active-low). INT will start an interrupt if 
an enable interrupt instruction has been executed. A reset 
will disable the interrupt. INT can be tested by issuing a 
conditional jump instruction. 


7 


EA 


External Access input (active-high). A logic "1" at this 
input commands the processor to perform all program 
memory fetches from external memory. 


8 


RD 


READ strobe output (active-low). RD_wHI pulse low when 
the processor performs a BUS READ. RD will also enable 
data onto the processor BUS from a peripheral device and 
function as a READ STROBE for external DATA MEMORY. 


9 


PSEN 


Program Store Enable output (active-low). PSEN becomes 
active only during an external memory fetch. 


10 


WR 


WRITE strobe output (active-low). WR will pulse low when 
the processor performs a BUS WR ITE. WR can also function 
as a WRITE STROBE for external DATA MEMORY. 


11 


ALE 


Address Latch Enable output (active high). Occurring once 
each cycle, the falling edge of ALE latches the address for 
external memory or peripherals. ALE can also be used as 
a clock output. 


12- 19 


Do- D7 BUS 


8-bit, bidirectional port. Synchronous reads and writes can 
be performed on this port using RD and WR strobes. The 
contents of the Do - D7 BUS can be latched in a static 
mode. 

During an external memory fetch, the Do - D7 BUS holds 
the least significant bits of the program counter. PSEN 
controls the incoming addressed instruction. Also, for an 
external RAM data store instruction the Do - D7 BUS, 
controlled by ALE, RD and WR, contains address and data 
information. 


20 


vss 


Processor's GROUND potential. 


21 - 24, 
35-38 


P20-P27: 
PORT 2 


Port 2 is the second of two 8-bit quasi-bidirectional ports. 
For external data memory fetches, the four most significant 
bits of the program counter are contained in P20 — P23- Bits 
p 20 _ p 23 are a,so used as a 4-bit "0 bus for the MPD8243, 
INPUT/OUTPUT EXPANDER. 


25 


PROG 


Program Pulse. A +25V pulse applied to this input is used 
for programming the /uPD8748. PROG is also used as an out- 
put strobe for the /nPD8243. 


26 


VDD 


Programming Power Supply. \Zqd must be set to +25V for 
programming the >iPD8748, and to +5V for the ROM and 
PROM versions for normal operation. VpD functions as the 
Low Power Standby input for the aiPD8048. 


27-34 


P1O-P17: 
PORT 1 


Port 1 is one of two 8-bit quasi-bidirectional ports. 


39 


T1 


Testable input using conditional transfer functions JT1 and 
JNT1 . T1 can be made the counter/timer input using the 
STRT CNT instruction. 


40 


vcc 


Primary Power Supply. Vcc must be +5V for programming 
and operation of the MPD8748, and for operation of the 
/uPD8036L and MPD8048. 
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Operating Temperature 0°C to +70°C ABSOLUTE MAXIMUM 

Storage Temperature (Ceramic Package) -65°C to +150°C RATINGS* 

Storage Temperature (Plastic Package) - 65°C to +150°C 

Voltage on Any Pin - 0.5 to +7 Volts © 

Power Dissipation 1.5 W 

Note: © With respect to ground. 



T a = 25° C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



T a = -0°C to +70°C; V C C = VDD - +5V ± 


10%;V S S = 


ov 










PARAMETER 




LIMITS 


UNIT 


TEST CONDITIONS 


SYMBOL 


MIN 


TYP 


MAX 


Input Low Voltage 

(All Except XTAL 1, XTAL 2) 


VlL 


-0.5 




0.8 


V 




Input High Voltage 


V|H 


2.0 




v C c 


V 




(All Except XTAL 1 , XTAL 2, RESET) 


Input High Voltage 
(RESET, XTAL 1, XTAL 2) 


V|H1 


3.8 




VCC 


V 




Output Low Voltage (BUS) 


vol 






0.45 


V 


•OL = '-'-O mA 


Output Low Voltage (RD, WR, 
PSEN, ALE) 


VOL1 






0.45 


V 


'OL = '8 m A 


Output Low Voltage (PROG) 


VOL2 






0.45 


V 


lOL = 1.0 mA 


Output Low Voltage 
(All Other Outputs) 


VOL3 






0.45 


V 


'OL = 1.6 mA 


Output High Voltage (BUS) 


VOH 


2.4 






V 


lOH = -400 mA 


Output High Voltage (RD, WR, 
PSEN, ALE) 


Vom 


2.4 






V 


lOH "= -100 »iA 


Output High Voltage 
(All Other Outputs! 


VOH2 


2.4 






V 


lOH = -40 nA 


Input Leakage Current 
(Ti, INT) 


'IL 






±10 


M 


VSS < V|[\j < Vqc 


Input Leakage Current 
<P10-P17,P20-P27.EA,SS) 


l|L1 






-500 


ma 


VCC' V| N > V S S + 0.45V 


Output Leakage Current 

(BUS, To - High Impedance State) 


'OL 






±10 


ma 


VCC> V| N > V S s + 0.45V 


Power Down Supply Current 


Idd 




7 


15 


mA 


T a = 25°C 


Total Supply Current 


idd + 'cc 




60 


135 


mA 


T a = 25°C 


T a = 25°C± 5°C;V C C = +5V ± 10%; V D D - +25V ± 1V 


PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TE ST CONDITIONS 


MIN 


TYP 


MAX 


Vdd Program Voltage High-Level 


VDOH 


24.0 




26.0 


V 




Vdd Voltage Low-Level 


VDDL 


4.75 




5.25 


V 




PROG Voltage High-Level 


VPH 


21.5 




24.5 


V 




PROG Voltage Low-Level 


Vp L 






0.2 


V 




EA Program or Verify Voltage High-Level 


VEAH 


21.5 




24.5 


V 




EA Voltage Low-Level 


veal 






5.25 


V 




Vdd Hi 9 n Voltage Supply Current 


idd 






30.0 


mA 




PROG High Voltage Supply Current 


iprog 






16.0 


mA 




EA High Voltage Supply Current 


"EA 






1.0 


mA 





DC CHARACTERISTICS 



DC CHARACTERISTICS 
PROGRAMMING THE 
MPD8748 
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AC CHARACTERISTICS 



READ, WRITE AND INSTRUCTION FETCH - EXTERNAL 
DATA AND PROGRAM MEMORY 

T a = 0°C to +70°C; V C C - V DD = +5V ± 10%; Vss = 0V 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST © 
CONDITIONS 


MIN 1 TYP 


MAX 


ALE Pulse Width 


ill 


400 






ns 




Address Setup before ALE 


«al 


120 






ns 




Address Hold from ALE 


tLA 


80 






ns 




Control Pulse Width (PSEN, RD.WR) 


«cc 


700 






ns 




Data Setup before WR 


l DW 


500 






ns 




Data Hold after WR 


«WD 


120 






ns 


C L = 20 pF 


Cycle Time 


l CY 


2.5 




15.0 


MS 


6 MHz XTAL 


Data Hold 


«DR 







200 


ns 




PSEN, RD to Data In 


'RD 






500 


ns 




Address Setup before WR 


*AW 


230 






ns 




Address Setup before Data In 


>AD 






950 


ns 




Address Float to RD, PSEN 


«AFC 









ns 




Control Pulse to ALE 


<CA 


10 






ns 





Notes: © For Control Outputs: Cl = 80 pF 
For Bus Outputs: C|_ = 150 pF 
tQY = 2.5 ;us 

PORT 2 TIMING 

T a = 9 C to t70°C; Vcc = +5V ±10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Port Control Setup before Falling 
Edge of PROG 


*CP 


110 






ns 




Port Control Hold after Falling 
Edge of PROG 


tpc 


100 






ns 




PROG to Time P2 Input must be 
Valid 


*PR 






810 


ns 




Output Data Setup Time 


*DP 


250 






ns 




Output Data Hold Time 


tPD 


65 






'ns 




Input Data Hold Time 


tPF 







150 


ns 




PROG Pulse Width 


tpp 


1200 






ns 




Port 2 I/O Data Setup 


tPL 


350 






ns 




Port 2 I/O Data Hold 


tLP 


150 






ns 




PROGRAMMING SPECIFICATIONS - j*PD8748 

T a = 25° C ± 5°C; Vcc = +5V ± 10%; Vqd " +25V ± 1 V 


PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Address Setup Time before RESET t 


tAW 


4tcY 










Address Hold Time after r'eSET t 


*WA 


4t C Y 










Data In Setup Time before PROG t 


*DW 


4t C Y 










Data In Hold Time after PROG 4 


tWD 


4tCY 










RESET Hold Time to VERIFY 


«PH 


4tCY 










VDD 


tVDDW 


4tcY 










Vqd Hold Time after PROG I 


tVDDH 













Program Pulse Width 


'tpw 


50 




60 


ms 




Test Setup Time before Program 
Mode 


tTW 


4tCY 










Test Hold Time after Program 
Mode 


tWT 


4tCY 










Test to Data Out Delay 


tDO 






4tCY 






RESET Pulse Width to Latch 
Address 


*WW 


4tcY 










Vqd and PROG Rise and Fall Times 


tr.tf 


0.5 




2.0 


M« 




Processor Operation Cycle Time 


tQY 


5.0 






Hi 




RESET Setup Time before EA t 


tRE 


4tCY 
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PSEN 



-<CY- 



■«LL- 



«AL 



TIMING WAVEFORMS 



1_ 



<LA 



«AFC 



«DR Ua— 



FLOATING^Q^, J)S FLOATING \^ \J\ FLOATING S^ 



-♦] <RD U- \ 



INSTRUCTION 



-'AD- 



INSTRUCTION FETCH FROM EXTERNAL MEMORY 



1_ 



rT> 



^d 



l AFC 



•*CC" 



"•— — ^'DRh* 



LOATING^^ADDRESsS^ FLOATING^^ DATA y^ FLOAT 



H 



•'AD- 



l RD UN- 



READ FROM EXTERNAL DATA MEMORY 



1_ 



■*CC- 



LOATING^^ADDRESSp^ FLOATING j{ DATA ^1^ FLOATING 



«DW 



tWD 



-«AW- 



WRITE TO EXTERNAL MEMORY 
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(CONT.) 



pPD8048/8748/8035L 



V 



)T~\ 



ZZ>C 



>: 



>: 



>: 



x 



>: 



3 



>: 



XZ 



EB<d 



f 



PORT 2 TIMING 



~\ 



"\ 



J C 



J C 



X^ _•* ADDRESS X/ 

__/ \ »" ""? A: 

LAST XX 

ADDRESS xX 



PROGRAMMED V 



\. 



y 



>/^ X/ DATA N. y^NCXT ADORESsX/^ 

_ — C X ■— > — < ■■•• X 



J 



"V 



X 



ru 



: w ;| 




PROGRAM/VERIFY TIMING 
(MPD8748 ONLY) 



\ / \ 


_v \ 


\— _ _/ ADDRESS NV - DATA OUT X- — — _/ 

yT N. tO- 7) VALID yAy VALID X^ >^ * 


NEXT "X/" NEXT DATA "V. _ 
DDRESS XN. OUT VALID /" 




X X 



VERIFY MODE TIMING 
(MPD8048/8748 ONLY) 



Notes: 

(D Conditions^ CS TTL Logic "1"; Ao TTL Logic "0" must be met. (Use 10K resistor to 

Vcc for CS, and 10K resistor to Vss for Ao) 
(§) tcY 5^s can be achieved using a 3 MHz frequency source (LC, XTAL or external) at the 

XTAL 1 and XTAL 2 inputs. 
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INSTRUCTION SET 













INSTRUCTION CODE 








1 FLAGS 


MNEMONIC 


FUNCTION 


DESCRIPTION 


D7 


D(i 


°5 


D4 


D 3 


D 2 


D1 


DO 


CYCLES 


BYTES J C AC FO F1 






ACCUMULATOR 




ADO A, # data 


(A) -(A) + data 


Add Immediate the specified Data to the 
Accumulator. 




d7 







"5 



d 4 



d 3 




d 2 


1 
°1 


do 


2 


2 




ADDA, Rr 


<A)-(A) + (Rr) 
forr -0-7 


Add contents of designated register to 
the Accumulator. 





1 


1 





1 


' 


' 










ADDA, @Rr 


(AI-(A)-M(Rr)) 
for r - - 1 


Add Indirect the contents the data 
memory location to the Accumulator. 





1 


1 






















ADDC A, sdata 


(Al - (A) + (C) + data 


Add Immediate with carry the specified 
data to the Accumulator. 



07 




°f. 





1 

d 4 



03 




d 2 


1 
d! 


do 


2 


2 




ADDC A, Rr 


(A) - (Al + (C) + (Rr) 
for r = 7 


Add with carry the contents of the 
designated register to the Accumulator. 





1 


1 


1 


1 


' 


' 










ADDC A, @Rr 


(A) -(A) + (C) + (IRr)l 
for r - - 1 


Add Indirect with carry the contents of 
data memory location to the 
Accumulator. 





1 


1 


1 



















ANL A, = data 


(Al • (A) AND data 


Logical and specified Immediate Data 
with Accumulator. 



d7 


1 
dfi 



°5 


1 

d 4 



d3 



°2 


1 
°1 


do 


2 


2 




ANL A, Rr 


(Al - (A) AND (Rr) 
for r - - 7 


Logical and contents of designated 
register with Accumulator. 





1 





1 


1 


' 


' 










ANL A, @Rr 


(A) -(A) AND(IRrl) 
for r - 1 


Logical and Indirect the contents of data 
memory with Accumulator. 





1 





1 



















CPL A 


(A|- NOT (A) 


Complement the contents of the 
Accumulator. 








1 


1 





1 


1 










CLR A 


IAI-0 


CLEAR the contents of the Accumulator. 








1 








1 












DA A 




DECIMAL ADJUST the contents of the 
Accumulator. 





1 





1 





1 










• 


DEC A 


(Al ■ (Al 1 


DECREMENT by 1 the accumulator's 

















1 












INC A 


(Al - (A) + 1 


Increment by 1 the accumulator's 
contents. 











1 





1 












OR L A, - data 


(Al - (A) OR data 


Logical OR specified immediate data 
with Accumulator 



d7 


1 

di; 




°5 




d 4 



d 3 



°2 


di 


do 


2 


2 




OR LA, Rr 


(A) -(A) OR (Rrl 
for r - - 7 


Logical OR contents of designated 
register with Accumulator. 





1 








1 


' 


' 










ORL A, @>Rr 


(A) -(A) OR ((Rrl) 
for r - - 1 


Logical OR Indirect the contents of data 
memory location with Accumulator. 





1 

























RL A 
RLC A 


(AN * 11 - (ANI 

(A )-(A 7 I 

for N • - 6 

(AN +11- (ANI.N -0- 6 

(A I - (C) 

(CI - (A 7 I 


Rotate Accumulator left by 1 -bit without 

Rotate Accumulator left by 1 -bit through 
carry. 


1 

1 


1 
1 


1 
1 



1 







1 
1 


1 
1 








• 


RR A 


(AN) -IAN + 11; N - 0-6 
(A 7 I -<A ) 


Rotate Accumulator right by 1-bit 
without carry. 





1 


1 


1 





1 


1 










RRC A 
SWAP A 


(ANI - (AN + 11; N * 0-6 
(A 7 ) - (C) 
(CI - (A I 
(A4. 7 ) ^(Aq-3) 


Rotate Accumulator right by 1-bit 
through carry. 

Swap the 2 4-bit nibbles in the 
Accumulator. 






1 
1 


1 












1 

1 


1 
1 










XRL A, #data 


(A) -(A) XORdata 


Logical XOR specified immediate data 
with Accumulator. 


1 

d7 


1 
«d.; 




d5 


1 

d 4 



d 3 




d 2 


1 

di 


d 








XRL A, Rr 


(A) - (Al XOR (Rrl 
for r ' - 7 


Logical XOR contents of designated 
register with Accumulator. 


1 


1 





1 


1 


' 


' 










XRL A, ©Rr 


(Al -(Al XOR ((Rrl) 
for r - - 1 


Logical XOR Indirect the contents of data 
memory location with Accumulator. 


1 


1 





1 























BRANCH 


DJNZ Rr, addr 


(Rr)-(Rr>-1;r-0-7 

If (Rr) * 0: 

(PC - 7) - addr 


Decrement the specified register and 
test contents. 


1 
37 


33 


1 
=5 



a 4 


1 

=3 


32 


/I 


"0 


2 


2 




JBb addr 


(PC0- 7) -addr if Bb- 1 
(PC) - (PC) + 2 if Bb - 


Jump to specified address if 
Accumulator bit is set. 


b 2 
»1 


t>1 


bO 
"5 


1 
a 4 



33 




32 


81 



a 


2 


2 




JCaddr 


(PC0- 7) -addr if C- 1 
(PC) - (PC) + 2 if C = 


Jump to specified address if carry flag 


1 

87 


a . 


1 
"5 


1 
a 4 




83 


1 

32 


31 



»0 


2 


2 




JFOaddr 


(PC - 7) - addr if FO - 1 
(PC) -XPC) + 2 if FO - 


Jump to specified address if Flag FO is 
set. 


1 

"7 


(1 


1 
"5 


1 
=4 



33 


1 

»2 


at 



30 


2 


2 




JF1 addr 


(PC0- 7) -addr if F1 - 1 
(PC) -(PC) + 2 if F1 -0 


Jump to specified address if Flag F1 is 
set. 



«7 


a 3 


1 
a 5 


1 
a 4 



a 3 


1 

»2 


81 



a 


2 


2 




JMP addr 


(PC 8- 101 - addr 8- 10 
(PC0- 7)-addr0- 7 
(PC 111 -DBF 


Direct Jump to specified address within 
the 2K address block. 


aio 
»7 


a 3 
8 3 


88 
•5 




a 4 



a 3 


1 

32 


-I 



a 


2 


2 




JMPP @ A 


(RC0- 71 -((A)) 


Jump indirect to specified address with 
with address page. 


1 


1) 


1 


1 










1 


2- 


1 




JNC addr 


(PC - 7) - addr if C - 
(PC) - (PC) + 2 if C - 1 


Jump to specified address if carry flag is 
low. 


1 
"7 


1 


1 
»5 



a 4 




83 


1 

a 2 


a 1 



»0 


2 


2 




JNI addr 


(PC - 7) - addr if 1 » 
(PCI - (PCI + 2 if 1 - 1 


Jump to specified address if interrupt 
is low. 


1 
«7 



«6 



»5 




a 4 




33 


1 

»2 


a 1 




»0 


2 


2 
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INSTRUCTION CODE 










FLAGS 


MNEMONIC 


FUNCTION 


DESCRIPTION 


°7 


°6 


DS 


D„ 


D3 


D 2 


Ol 


Do 


CYCLES 


BYTES 


C AC FO F1 






BRANCH (CONT.) 




JIMTOaddr 


(PCO- 7) - addr if TO - 
IPC) -(PC) + 2 if TO- 1 


Jump to specified address if Test is low. 



07 



a 6 


1 
35 



84 



33 


1 

82 


31 



80 


2 


2 




JNT1 addr 


(PC -71 -addr if T1 =0 
(PCI -IPC) + 2 if T1 = 1 


Jump to specified address if Test 1 is low. 



37 


1 

86 




35 



84 




33 


1 
32 


31 




30 


2 


2 




JNZaddr 


(PC - 7) - addr if A - 
(PC) - (PC) + 2 if A = 


Jump to specified address if accumulator 
is non-zero. 


1 
a7 



ac 



35 


1 
34 




33 


1 
32 


31 




30 


2 


2 




JTF addr 


(PC - 7) - addr if TF = 1 
(PC)- (PC) + 2 if TF = 


Jump to specified address if Timer Flag 



37 




36 



35 


1 
84 




83 


1 , 
a 2 


31 




80 


2 


2 




JTOaddr 


(PC - 7) - addr if TO - 1 
(PCI - (PC) + 2 if TO = 


Jump to specified address if Test is a : 



a7 




36 


1 
35 


1 
34 




33 


1 
82 


a'l 




80 


2 


2 




JT1 addr 


(PC0-7l-addr if T1 - 1 
(PC) - (PCI + 2 if T1 - 


Jump to specified address if Test 1 is a 1. 



•17 


1 
a 6 



a 5 


1 
84 




83 


1 
82 


a'l 




a 


2 


2 




JZ addr 


(PCO- 71 -addr if A = 
(PCI -IPC) + 2 if A = 


Jump to specified address if Accumulator 
isO. 


1 
37 


1 
a 6 



35 



34 



33 


1 
32 


<M 




30 


2 


2 








CONTROL 




EN 1 




Enable the External Interrupt input. 

















1 





1 


1 


1 




DIS 1 




Disable the External Interrupt input. 











1 





1 





1 


1 


1 




ENTOCLK 




Enable the Clock Output pin TO. 





1 


1 


1 





1 





1 


1 


1 




SELMBO 


(DBF) -0 


Select Bank (locations 2047) of 
Program Memory. 


1 


1 


1 








1 





1 


1 


1 




SEL MB1 


(DBF1-1 


Select Bank 1 (locations 2048 4095I of 
Program Memory. 


1 


1 


1 


1 





1 





1 


1 


1 




SEL RBO 


(BS)-O 


Select Bank (locations - 7) of Data 
Memory, 


1 


1 











1 





1 


1 


1 




SEL RB1 


(BSI-1 


Select Bank 1 (locations 24 311 ol 
Data Memory. 


1 


1 





1 





1 





1 


1 


1 






DATA MOVES 




MOV A. data 


(A) -data 


Move Immediate the specified data into 
the Accumulator. 



d7 



d& 


1 
rt5 



d 4 




13 



d 2 


1 

dl 


1 
do 


2 


2 




MOV A. R, 


(AI-(Rr);r = 0-7 


Move the contents of the designated 
registers into the Accumulator. 


1 


1 


1 


1 


1 


' 


' 


1 


1 






MOV A, (s> Rr 


IA)-(IRr)l;r-0-1 


Move Indirect the contents of data 
memory location into the Accumulator. 


1 


1 


1 


1 











' 


1 






MOV A. PSW 


(Al - (PSW) 


Move contents ol the Program Status 
Word into the Accumulator. 


1 


1 











1 


1 


1 


1 






MOV Rr. ■■: data 


(Rr)-data;r = 0- 7 


Move Immediate the specified data into 
the designated register. 


1 
d7 



°6 


1 

°5 


1 

d„ 


1 

«3 


°2 


01 


do 


2 






MOV Ri, A 


(Rr)-(AI;r-0-7 


Move Accumulator Contents into the 
designated register. 


1 





1 





1 


' 


' 


' 


1 






MOV@Rr, A 


((Rr|)-(AI;r = 0-1 


Move Indirect Accumulator Contents 
into data memory location. 


1 





1 














' 


1 






MOV & Rr, -■-• data 


((Rr)) —data; r = 0- 1 


Move Immediate the specified data into 
data memory. 


1 
d7 



"6 


1 
"5 


1 

d 4 



°3 




02 



dl 


do 


2 






MOV PSW. A 


(PSW) - (A) 


Move contents of Accumulator into the 
program status word. 


1 


1 





1 





1 


1 


1 


1 






MOVP A. <a A 
MOVP3 A,@> A 

MOVX A. <s> R 


(PC0-7)-(AI 
(AI-KPCII 
(PC 0-7) -(A) 
(PC 8- 101-011 
(A) - ((PCI) 
(AI-(IRrl);r-0- 1 


Move data in the current paqe into the 
Accumulator. 

Move Program data m Page 3 into the 
Accumulator. 

Move Indirect the contents ol external 
data memory into the Accumulator. 


1 

1 

1 




1 




1 
1 






















1 
1 




1 
1 


2 
2 

2 






MOVX^a A 


IIRr)l-(A);r = 0- 1 


Move Indirect the contents of the 
Accumulator into external data memory. 


1 








1 











' 


2 






XCH A. Rr 


(A)2<Rrl;r = 0-7 


Exchange the Accumulator and 
designated register's contents. 








1 





1 


' 


' 


' 


1 






XCH A. <5>Rr 


(A) Z ((Rrl);r = 0- 1 


Exchange Indirect contents of Accumu- 
lator and location in data memory. 








1 














' 


1 






XCHD A. @Rr 


(A0-3)r-((Rr))0-3l); 
r = 0- 1 


Exchange Indirect 4-bit contents of 
Accumulator and data memory. 








1 


1 











' 


1 








FLAGS 




CPL C 


ICI • NOT (CI 


Complement Content of carry bit. 







1 










1 


1 


1 




• 


CPL FO 


(FOI . NOT (FOI 


Complement Content of Flag FO. 










1 










1 


1 




• 


CPL F1 


(F1) ■ NOT (F1) 


Complement Content of Flag F1. 







1 


1 










1 


1 




• 


CLR C 


(CI ■ 


Clear' content of carry bit to 0. 










1 







1 


1 


1 




• 


CLR FO 


(FO) • 


Clear content of Flag to 0. 





















1 


1 




• 


CLR F1 


IF1I ■ 


Clear content of Flag 1 to 0. 







1 













1 


1 




• 
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INSTRUCTION SET (CONT.) 











INSTRUCTION CODE 










FLAGS 


MNEMONIC 


FUNCTION 


DESCRIPTION 


D7 06 


D5 


D4 


D3 


D2 


D1 


DO 


CYCLES 


BYTES 


C AC F0 F1 






INPUT/OUTPUT 




ANL BUS, -•= data 


(BUS) ^(BUS) AND data 


Logical and Immediate-specified data 


1 





1 


1 











2 


2 








with contents of BUS. 


d? d6 


d5 


d 4 


d3 


d 2 


<h 


dO 








ANLPp, = data 


(Pp)<- (Pp) AND data 


Logical and Immediate specified data 


1 





1 


1 





p 


P 


2 


2 






p-1 -2 


with designated port (1 or 21 


d7 dg 


d5 


d4 


<J3 


d 2 


<H 


do 








ANLDPp. A 


IPp) - (Pp) AND (A 0-3) 
p = 4- 7 


Logical and contents of Accumulator with 
designated port (4 - 7). 


1 





1 


1 


1 


p 


P 


2 


1 




IN A, Pp 


(A)~ (Pp);p = 1 -2 


Input data from designated port (1 - 2) 
into Accumulator. 











1 





p 


P 


2 


1 




IMS A, BUS 


(A)- (BUS) 


Input strobed BUS data into Accumulator. 











1 











2 


1 




MOVD A. Pp 


(A0-3l>-(Pp);p-4-7 
(A 4- 71-0 


Move contents of designated port (4 - 7) 
into Accumulator. 











1 


1 


p 


P 


2 


1 




MOVD Pp, A 


(Pp) ~A0-3;p«4-7 


Move contents of Accumulator to 
designated port (4 - 7). 





1 


1 


1 


1 


p 


R 


2 


1 




OR L BUS. ■■■■ data 


(BUS) - (BUS) OR data 


Logical or Immediate specified data with 


1 








1 











2 


2 








contents of BUS. 


d7 d6 


d 5 


d4 


d3 


d 2 


dl 


do 








ORLDPp, A 


(Pp)~(Pp)OR (AO -3) 
p = 4 - 7 


Logical or contents of Accumulator with 
designated port (4 - 7). 


1 








1 


1 


P 


. D 


2 


1 




ORL Pp, • data 


(Ppl - (Pp) OR data 


Logical or Immediate specified data with 


1 








1 





P 


P 


2 


2 






.P- 1 -2 


designated port (1 - 2). 


d7 d6 


d 5 


d 4 


d3 


d 2 


dl 


do 








OUTL BUS, A 


(BUS) -(A) 


Output contents of Accumulator onto 
BUS. 

















1 





2 


1 




OUTL Pp. A 


(Pp)~(AI;p- 1 -2 


Output contents of Accumulator to 
designated port (1 - 2). 





1 


1 


1 





P 


P 


2 


1 






REGISTERS 


DEC Rr (Rrl 


(Rr)-(Rr) + 1;r-0-7 


Decrement bv 1 contents of designated 


1 1 








1 


' 


' 




1 


1 




INC Rr 


(Rr)~(Rr) + 1;r«0- 7 


Increment bv 1 contents of designated 








1 


1 


• 


' 


' 


1 


1 




INC@Ri 


l(Rr»~((Rrll + 1: 
r-0^ 1 


Increment Indirect bv 1 the contents ol 
data memory location. 








1 











' 


1 


1 








SUBROUTINE 


CALLaddr 


((SP)] «- (PC), (PSW4-7) 


Can designated Subroutine. 


310 ag 


38 


1 





1 








2 


2 






(SP)- (SPI + 1 




a7 a 6 


35 


34 


33 


=2 


a l 


a 










(PC 8- 10)-addr8- 10 


























(PC 0-7) -addrO-7 


























(PC1D-DBF 
























RET 


(SP) - (SP) - 1 
(PC) -((SPI) 


Return Irom Subroutine without 
restoring Program Status Word. 


1 














1 


1 


2 


1 




RETR 


(SPI - (SP) = 1 
(PC)- (ISP)) 
(PSW4-7)~«SPII 


Return from Subroutine restoring 
Program Status Word. 


1 





1 








1 


1 


2 


1 






TIMER/COUNTER 


EN TCNTI 




Enable Internal interrupt Flag for 
Timer/Counter output. 





1 








1 





1 




1 




DIS TCNTI 




Disable Internal interrupt Flag for 
Timer/Counter output. 





1 


I 





1 





1 




1 




MOV A. T 


(A) • IT) 


Move contents of Timer/Counter into 
Accumulator. 


1 














1 







1 




MOV T. A 


(Tl • (A) 


Move contents of Accumulator into 
Timer/Counter. 


1 


1 











1 







t 




STOP TCNT 




Stop Count for Event Counter. 


1 


1 








1 





1 




1 




STRT CNT 




Start Count for Event Counter. 


1 











1 





1 




1 




STRTT 




Start Count for Timer. 


1 





1 





1 





1 




1 




MISCELLANEOUS 


NOP 




No Operation performed. 























' 


1 1 



Notes: © Insn 

© The 

© References 

© Numerical 

Symbol Definitions 



uction Code Designations r and p form the binary representation of the Registers and Port:, 
dot under the appropriate flag bit indicates that its content is subject to change by the mstrj 
frences to the address and data are specified in bytes 2 and/or 1 of the instruction, 
lencal Subscripts appearing in the FUNCTION column reference the specific bits affected. 



SYMBOL 


DESCRIPTION 


A 


The Accumulator 


AC 


The Auxiliary Carry Flag 


addr 


Program Memory Address (12 bits) 


Bb 


Bit Designator (b = - 7) 


BS 


The Bank Switch 


BUS 


The BUS Port 


C 


Carry Flag 


CLK 


Clock Signal 


CNT 


Event Counter 


D 


Nibble Designator (4 bits) 


data 


Number or Expression (8 bits) 


DBF 


Memory Bank Flip-Flop 


Fo.Fi 


Flags 0, 1 


1 


Interrupt 


P 


"In-Page" Operation Designator 



SYMBOL 


DESCRIPTION 


Pp 


Port Designator (p = 1, 2 or 4 - 7) 


PSW 


Program Status Word 


Rr 


Register Designator (r - 0, 1 or - 7) 


SP 


Stack Pointer 


T 


Timer 


TF 


Timer Flag 


T0.T1 


Testable Flags 0, 1 


X 


External RAM 


= 


Prefix for Immediate Data 


@ 


Prefix for Indirect Address 


$ 


Program Counter's Current Value 


<x) 


Contents of External RAM Location 


«x|) 


Contents of Memory Location Addressed 
by the Contents of External RAM Location. 


" 


Replaced By 
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LOGIC SYMBOL 



PACKAGE OUTLINES 

MPD8048C 

MPD8035LC 



MPD8048D 
MPD8035LD 



£\ 



RESET 

SINGLE 

STEP 
EXTERNAL. 

MEMORY 



f= 



INTERRUPT- 

BUS — ■ 



/jPD 

8048 

FAMILY 



/iPD8048/8748/8035L 




PROGRAM STORE 
ENABLE 



ADDRESS LATCH 
ENABLE 



PORT EXPANDER 
STROBE 



IL 



m 



-ich- 

E- 



HP 



0° - 15°^ 



Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 > 0.1 


0.10+ 0.004 


D 


0.5 + 0.1 


0.019 ± 0.004 


E 


48.26 


1.9 


F 


1.2 MIN 


0.047 MIN 


G 


2.54 MIN 


0.10MIN 


H 


0.5 MIN 


0.019 MIN 


I 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 


L 


13.2 


0.520 


M 


+ 0.1 
0.25 

0.05 


+ 0.004 
0.010 

0.002 



E 



i j 



in v vjjj tf.vYTTTmnnnnr um 

-— iBh- HFk- — He h- —it— I 




Ceramic 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 


2.03 


B 


1.62 


0.06 


C 


2.54 


0.1 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


48.26 


1.9 


F 


1.02 


0.04 


G 


3.2 


0.13 


H 


1.0 


0.04 


1 


3.5 


0.14 


J 


4.6 


0.18 


K 


15.24 


0.6 


L 


14.93 


0.59 


M 


0.25 ± 0.05 


0.01 ± 0.0019 
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PACKAGE OUTLINE 

MPD8748D 

Cerdip 
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NEC 

NEC Electronics USA he. 

Microcomputer Division 



M PD80C48/ M PD80C35 

CMOS 8-BIT SINGLE-CHIP 

MICROCOMPUTER 



Description 

The NEC /xPD80C48 is a true stand-alone 8-bit micro- 
computer fabricated with CMOS technology. The 
AiPD80C48 contains all the functional blocks — 1 K bytes 
ROM, 64 bytes RAM, 28 I/O lines, on-chip 8-bit Timer/ 
Event counter, on-chip clock generator — to enable its use 
in stand-alone applications. For designs requiring extra 
capability the /aPD80C48 can be expanded using industry 
standard /aPD8080A///PD8085A peripherals and memory 
products. The /aPD80C35 differs from the /u,PD80C48 only 
in that the /xPD80C35 contains no internal program mem- 
ory (ROM). 

Compatible with the industry-standard 8048, 8748, and 
8035, the CMOS-fabricated /XPD80C48 provides signifi- 
cant power consumption savings in applications requiring 
low power and portability. In addition to the power savings 
gained through CMOS technology, the NECju.PD80C48 
features Halt and Stop modes to further minimize power 
drain. 

Features 

□ 8-bit CPU, ROM, RAM, I/O in a single package 

□ Hardware/Software-compatible with industry standard 
8048, 8748, 8035 products 

□ 1KX8ROM 

□ 64x8 RAM 

□ 27 I/O lines 

□ 2.5ju.s cycle time (6 MHz crystal) 

□ All instructions 1 or 2 cycles 

□ 97 instructions: 70% single-byte 
D Internal Timer/Event Counter 

□ Two Interrupts (External and Timer) 

□ Easily expandable memory and I/O 

□ Bus-compatible with 8080A/8085A peripherals 

□ CMOS technology 

□ Operational over a 2.5 to 6.0V range 

□ Available in 40-pin DIP or 52-pin flat pack 

□ Low-power Standby modes 

□ Halt Mode 

1 mA typical supply current 

Maintains internal logic values and control status 

Initiated by HALT instruction 

Released by External Interrupt or Reset 

□ Stop Mode 

1 /xA typical supply current 

Disables internal clock generation and internal logic 

Maintains RAM 

Initiated via Hardware (V DD ) 

Released via Reset 

Pin Identification 





Pin 




No. 


Symbol 




1 


TO 


Testable Input using conditional transfer functions JT0 and 
JNT0. The Internal State Clock (CLK) is available to T, using 
the ENTO CLK Instruction. T can also be used during pro- 
gramming as a testable flag. 


2 


XTAL1 


One side of the crystal Input for external oscillator or fre- 
quency (non-TTL-compatlble V, H ). 





Pin 




No. 


Symbol 




3 


XTAL2 


The other side of the crystal Input. 


4 


RESET 


Active low Input for processor Initialization. RESET Is also 
used 1 tor Halt/Stop Mode release (non-TTL-compatible V,„). 


5 


§5 


Single step Input (active-low). SS with ALE allows the 
processor to "single-step" through each Instruction in 
program memory. 


6 


INT 


Interrupt Input (active-low). INT starts an Interrupt If an 
enable Instruction has been executed. A reset disables the 
Interrupt. INT can be tested by Issuing a conditional jump 
Instruction. 


7 


EA 


External Access Input (active-high). A logic "1" at this input 
commands the processor to perform all program memory 
fetches from external memory. 


8 


RD 


Read strobe output (active-low). RD pulses low when the 
processor performs a Bus Read. RD also enables data onto 
the processor Bus from a peripheral device and functions 
as a Read Strobe for external Data Memory. 


8 


PSIrT 


Program Store Enable output (active-low). PSEN becomes 
active only during an external memory fetch. 


10 


WH 


Write strobe output (active-low). WR pulses low when the 
processor performs a Bus Write. WR can also function as a 
Write Strobe for external Data Memory. 


11 


ALE 


Address Latch Enable output (active high). Occurlng once 
each cycle, the falling edge of ALE latches the address for 
external memory or peripherals. ALE can also be used as a 
clock output. 



12 — 19 D„ — D,BUS 



8-bit, bidirectional port. Synchronous reads and writes can 
be performed on this port using RD and WR strobes. Ths 
contents of the D — D? Bus can be latched in a static mode. 
During an external memory fetch, the D, — D , Bus h olds the 
least significant bits of the program counter. PSEN controls 
the Incoming addressed Instruction. Also, for an external 
RAM data store Instruction the D„ — D, Bus, controlled by 
ALE, RD and WR, contains address and data information. 

20 V M Processor's Ground potential. 

21—24, Pa — P 27 : Port 2 Is the second of two 8-blt quasi-bidirectional porta. 

35 — 33 PORT 2 For external data memory fetches, the four most slgnlf lean 

bits of the program counter are contained in Pa, — P 23 . Bits 
P M — Pa are also used as a 44>lt I/O bus for the ^PD8243, 
Input/Output Expander. 

25 PROG PROG Is used as an output strobe for the ^PD8243. 




27 — 34 P, — P, 7 : 
PORT1 



+5V during normal operation. V op is used In Stop Mode. By 
forcing V DD low during a reset, the processor enters Stop 
Mode. 

Port 1 is one of two 8-blt quasi-bidirectional ports. 



Testable Input using conditional transfer functions JT1 and 
JNT1 . T1 can be made the counter/timer Input using the 
STRTCNT Instruction. 



Primary Power Supply. 



Pin Configuration 



T OC 




1^1 




3 


TAL 1 C 






39 


2 


TAL2C 


3 




38 


3 


1ESETE 


4 




3/ 


"I 


SS c 


5 




36 


3 


INTC 








3 


EAC 






34 


J 


RD C 

PSENC 

WR C 


8 

9 
10 


80C48/ 


33 
32 
31 


3 
3 

1 


AL6C 


11 


80C35 


30 


1 


DB C 


12 




29 


3 


DB 1 C 


13 




28 


3 


DB 2 C 






27 


3 


DB 3C 






26 


3 


DB 4 C 


16 






3 


OB 5 C 








3 


DB 6 d 


18 




23 


3 


DB 7 C 


19 




22 


3 


v ss ^ 


20 






3 



Rev1 



M PD80C48/ M PD80C35 



Block Diagram 



OSCILLATOR 




STANDBY CONTROL 



HEAD WHITE 



Absolute Maximum Ratings* 



T a =25°C 


Operating Temperature 


-40°Cto+85°C 


Storage Temperature (Ceramic Package) 


-65°Cto+150°C 


Storage Temperature (Plastic Package) 


-65°Cto+125°C 


Voltage on Any Pin 


V ss -0.3VtoV cc +0.3V 


Supply Voltage 


V ss -0.3 to +10V 



*COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma- 
nent damage. The device is not meant to be operated 
under conditons outside the limits described in the opera- 
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 

T a = -40°Cto +85°C;V CC a 2.5 to 6.0V, V ss = 0V 



Parameter 



Symbol M/n 



Ma* Unit Test Condition* 



Input Low Voltage 

(All Except XTAL 1, XTAL 2) 

input High Voltage 

(All Exc ept XTAL 1, XTAL 2, 

RESET) 

I nput H igh Voltage 
(RESET, XTAL 1, XTAL 2) 



-0.3 



0.7 V CC 
0.8 V cc 



Output Low Voltage 



Vcc 
0.45 



Output High Voltage (BUS, RD, 
WR, PSEN, ALE) 


V OH 


0.75 V cc 




V 


l 0H - - 100(iA 


Output High Voltage (Ail Other 
Outputs) 


V H1 


0.75 Vcc 




V 


Ioh - - 1(iA 


Input Current (Port 1 , Port 2) 


'iLP 
'iLC 




-30 
-40 


fA 


V| N -VS V| L 


Input Current (SS, RESET) 


MA 


V|N<V| L 





Symbol 


Limit* 




Unit 




Parameter 


Mln Typ 


Max 


Tast Conditions 


Input Leakage Current: 
(Tl/IRT) 


l|L 




±1 


^A 


V ss < V,„ < V co 


Input Leakage Current 
(EA) 


lu 




±3 


^A 


V 3S < V,„ < V cc 


Output Leakage Current 
(BUS, T, — High Impedance 
State) 


^ 




±1 


mA 


V SS <V 1N <V CC 


Total Supply Current 


to + Ice 


5 


10 


mA 


T a = 2FC6MHz 


Halt Power Supply Current 


Ice 


1 


3 


itlA 


6 MHz 


Stop Mode Supply Current 


Ice 


1 


20 


^A 


6 MHz 


RAM Data Retention Voltage 


V CC DR 


2.0 




V 


Stop Mode (V 0D , 
RESET « -4V) or 
RESETS 0.4V 



AC Characteristics 

Read, Write and Instruction Fetch — External Data and 
Program Memory 



T a = -WW 


io +oa 


-%i 
















Symbol 


Umlt»(|) 


Unit 


Limits© 


Unit 


Taat 


Parameter 


M/n 


Urn* 


Mln 


Max 


Conditions ® 


ALE Pulse Width 


«LL 


400 




ns 


2.16 




MS 




Address Setup 
before ALE 


«AL 


120 




ns 


1620 




ns 




Address Hold 
from ALE 


«LA 


80 




ns 


330 




ns 




Control Pulse 

Width 

(P5ER, HD, WR) 


»CC 


700 




ns 


3.7 




MS 




Data Setup 
before WR 


l DW 


500 




ns 


3.5 




MS 




Data Hold 
after WR 


'WD 


120 




ns 


370 




ns 


C L = 20 pF, 

t CY - 2.5 m» 


Cycle Time 


*CY 


2.5 


150 


MS 


10 


150 


ns 




Data Hold 


•dr 





200 


ns 





850 


ns 





3fi4 



AC Characteristics (Cont.) 





lymbol 


UmH«(f> 


Unit 


Umft«(D 
Mfn Mmx 


Unit 


Test 


Parameter 1 


Mill 


Max 


Conditions ® 


P5EKT, RDto 
Data In 


l RD 




500 


ns 




2.75 


x» 




Address Setup 
before WR 


»AW 


230 




ns 


3.23 




K* 




Address Setup 
before Data In 


'AD 




950 


ns 




5.45 


pS 




Address Float to 
TIB, PSlrT 


»AFC 







ns 


500 




ns 




Control Pulse to 
ALE 


*CA 


10 




ns 


10 




ns 




Port 2 Timing 

T a = -40°Cto +85°C 




Symbol 


Umfts® 


Unit 


Umft*(D 


Unit 


Conditions <D 


Parameter 


Mfn 


Mm* 


Mfn 


Mmx 


Port Control Setup 
before Falling 
Edge of PROG 


«CP 


110 




ns 


860 




ns 




Port Control Hold 
after Falling Edge 
of PROG 


tpc 




80 


ns 





200 


ns 




PROG to Time P2 
Input must be 
Valid 


*PR 




810 


ns 




5.31 


MS 




Output Data Setup 
Time 


«DP 


250 




ns 





3250 


ns 




Output Data Hold 
Time 


tpo 


65 




ns 


820 




ns 




Input Data Hold 
Time 


IPF 





150 


ns 





900 


ns 




PROG Pulse Width 


tpp 


1200 




na 


6450 




ns 




Port 2 I/O Data 
Setup 


«PL 


350 




ns 


2.1 




MS 




Port 2 I/O Data 
Hold 


»LP 


150 




ns 


1400 




ns 





Notes: 

(?) For Control Outputs: C|_ = 80 pF 

For Bus Outputs: C|_ - 150 pF 
(D Vcc - +5V ± 10%. 
(D V cc = + 2.5V to + 5.5V 

Timing Waveforms 



<CY- 



«Ll." 



»LA 
«AL 

Floatin g , y 



Address 



<AFC 



«CC- 



Floatlng 



-I 



*DR H"— 

x__ix: 



«RD 



l AD' 



Floating 



X 



Instruction Fetch From External Memory 

t CY 



-*- «u. -H 






i_ 



■^ 



«AFC 



-*cc- 



-•— l DR-^ 



t 



Floating ^f^Address^^ Floating ^^ p a ta ^^ Floating 



H 



l RD 



»AD" 



Read From External Data Memory 



^PD80C48/>PD80C35 



_r 



i_ 



i_ 



Floating ^^Address ^^ Floati ng ^ l ^ Data 
t AW _] 




Write to External Memory 
1) Halt Mode (When El) 



CPU 



X____L 



- { 1 INSTR~X INT Execute 



oec-ruui.Jifi\.J¥in._ Jirui.__.JTiui.__. 

^ 



Halt Mode 
INT 



T 



2) Stop Mode 

RESET 




OSC Starts 

i_r_r_anJiJir¥i----n- 



ADRS 0000(H) 



Low Power Standby Operation 



Expander -\ / \ }' J y 

Port y( PCH VPort 2Q.3 DataX f 



Expander \ / \ / S ' 

Port /\ PCH /*k ort 2 0- 3 Dat JK 



«CP 




Port 2 Timing 



Features 

The NEC ^,PD80C48/yLtPD80C35 contains all the func- 
tional features of the industry standard 8048/8035. The 
power down mode of the /xPD8048 is replaced with two 
additional power standby features for added power sav- 
ings. Depending on desired power consumption savings 
and internal logic status maintenance, Halt mode or Stop 
mode may be used. 
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Halt Mode 

The /O.PD80C48/80C35 includes a Halt instruction (01 H) — 
an addition to the standard 8048 instruction set. Upon exe- 
cution of the Halt instruction, the /uPD80C48 enters a Halt 
mode where the internal clocks and internal logic are dis- 
abled. The oscillator, however, continues its operation. The 
state of all internal logic values and control status prior to 
the halt state is maintained. Under Halt mode, power 
consumption is less than 30% of normal ^PD80C48 
operation, and 2% of 8048 operation. 
Halt mode is released through either of two methods: an 
active input on the INT line or a reset operation. Under the 
Interrupt Release mode, if interrupts are enabled (El 
Mode), the INT input restarts the internal clocks to the inter- 
nal logic. The /aPD80C48 then executes the instruction 
immediately following the Halt instruction, before branch- 
ing to the interrupt service routine. 

If interrupts are disabled (Dl Mode), an INT active signal 
causes the program operation to resume, beginning from 
the next sequential address after the Halt instruction. 
A RESET input causes the normal reset function which 
starts the program at address OH. 
Note: The V cc range under Halt mode must be main- 
tained at normal operation voltage. 

Stop Mode 

Stop mode provides additional power consumption savings 
over the Halt mode of operation. St op mode is initiated by 
forcing V DD to the low state during a RESET low. While in 
Stop mode, oscillator operation is discontinued and only 
the contents of RAM are maintained. 

The/^PD80C48 is r eleased f rom Stop mode when V DD is 
forced high during a RESET low. Clock generation i sthen 
restarted. When oscillator stabilization is achieved, RESET 
is pulled high and the program is restarted from location 0. 

To ensure reliable Stop mode operati on, V^ must be 
brought back up before releasing the RESET pin. The 
V DD pin must be protected against noise conditions since 
it controls oscillator operation. In the Stop mode, V cc 
may be dropped a s low as 2.0 volts to ensure RAM data 
retention (V CC DR). RESET must be held low after oscilla- 
tion stops until the oscillator is restarted. 



Logic Symbol 



Oscillator Stops Oscillator Restarts 



\ 



VDD 



\ 



f 



5 Maclne Cycles Mln. 

Stop Mode Timing 




MPD 
B0C467 
BOC35 




Program Store 
Enable 



Address Latch 
Enable 



Port Expander 
Strobe 



Symbol Definitions: 


Symbol 


Description 


A 


Accumulator 


AC 


Auxiliary Carry Flag 


addr 


Program Memory Address (12 bits) 


Bb 


Bit Designator (b = — 7) 


BS 


Bank Switch 


Bus 


Bus Port 


C 


Carry Flag 


CLK 


Clock Signal 


CNT 


Event Counter 


D 


Nibble Designator (4 bits) 


data 


Number or Expression (8 bits) 


DBF 


Memory Bank Flip-Flop 


Fo,F, 


Flags 0, 1 


1 Interrupt 


P 


"In-Page" Operation Designator 


Pp 


Port Designator (p = 1, 2 or 4 — 7) 


PSW 


Program Status Word 


Rr 


Register Designator (r = 0, 1 or — 7) 


SP 


Stack Pointer 


T 


Timer 


TF 


Timer Flag 


T0.T1 


Testable Flags 0, 1 


X 


External RAM 


= 


Prefix for Immediate Data 


@ 


Prefix for Indirect Address 


S 


Program Counter's Current Value 


(x) 


Contents of External RAM Location 


«x» 


Contents of Memory Location Addressed 
by the Contents of External RAM Location. 


- 


Replaced By 



Oscillation Stabilization Time 
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Instruction Set 





Function 


Description 






Instruction Cod 


e 






Fli 
Cycles Bytes C AC 


■gs 


Mnemonic 


D, 


D 8 


Ds 


o t 


D 3 


D 2 


D, 


D„ 


FO F1 


Accumulator 


ADD, A = date 


(A) «- (A) + data 


Add Immediate the specified Data to the 
Accumulator. 



d, 




d. 



d s 



d, 



da 



da 


1 
d, 


da 


2 


2 




Add A, Rr 


<A)^-(A) + (Rr) 
lorr=0-7 


Add contents of designated register to 
the Accumulator. 





1 


1 





1 


r 


r 










ADD A, @ Rr 


(A)^(A) + ((Rr)) 
tor r= 0-1 


Add Indirect the contents of the data 
memory location to the Accumulator. 





1 


1 






















ADDC A, = 
data 


(A)^(A) + (C) + data 


Add immediate with carry the specified 
data to the Accumulator. 



d, 



d, 



d„ 


1 
d, 




d, 




d* 


1 
d, 


d„ 








ADDC A, Rr 


(A)^(A) + (C) + (Rr) 
for r= 0-7 


Add with carry the contents of the 
designated register to the Accumulator. 





1 


1 


1 


1 


r 


r 










ADDC A, @ Rr (A) <- (A) + (C) + «Rr)) 
(or r = - 1 


Add indirect with carry the contents of 
data memory location to the 
Accumulator. 





1 


1 


1 



















ANLA, -data 


(A) -^ (A) AND data 


Logical AND specified immediate Data 
with Accumulator. 



d 7 


1 

da 





1 
d. 




da 





1 
d, 


do 








ANLA.Rr 


(A)^(A)AND(Rr) 
(orr=0-7 


Logical AND contents of designated 
register with Accumulator. 





1 





1 


1 


r 


r 










ANLA,@Rr 


<A)^(A)AND«Rr)) 
for r = - 1 


Logical AND indirect the contents of data 
memory with Accumulator. 





1 





1 



















CPLA 


(A) <- NOT (A) 


Complement the contents of the 
Accumulator. 








1 


1 





1 


1 










CLRA 


(A)^-O 


Clear the contents of the Accumulator. 








1 . 








1 


1 










DA A 




Decimal Adjust the contents of the 
Accumulator. 





1 





1 





1 


1 






1 




DEC A 


<A)*-(A)1 


Decrement by 1 the Accumulator's 
contents. 

















1 


1 










INC A 


(A)^(A) + 1 


Increment by 1 the Accumulator's 
contents. 











1 





1 


1 










ORLA, -data 


(A) <- (A) OR data 


Logical OR specified Immediate data 
with Accumulator. 



d, 


1 




d, 



d 4 




d, 



da 


1 
d, 


4, 




2 




ORLA.Rr 


(A)^<A)OR<Rr) 
forr = 0-7 


Logical OR contents of designated 
register with Accumulator. 





1 








1 


r 


r 










ORLA,@Rr 


<A)«-(A)OR((Rr)) 
f or r = - 1 


Logical OR Indirect the contents of data 
memory location with Accumulator. 





1 

























RLA 


(AN+ 1)^(AN) 
(A„)^<A) 
forN = 0-6 


Rotate Accumulator left by 1 bit without 
carry. 


1 


1 


1 








1 


1 










RLCA 


(AN+1)^(AN);N = 0-6 

(Ao)^-(C) 

(C)^-(A 7 ) 


Rotate Accumulator left by 1 bit through 
carry. 


1 


1 


1 


1 





1 


1 










RRA 


(AN)^(AN+ 1),N = 0-6 
(A 7 )-(A,) 


Rotate Accumulator right by 1 bit 
without carry. 





1 


1 


1 





1 


1 










RRCA 


(AN)^(AN+ 1);N = 0-6 

<A)^(C) 

(C)^(A,) 


Rotate Accumulator right by 1 bit 
through carry. 





1 


1 








1 


1 










SWAP A 


(A 4 ,)*±(A -3) 


Swap the two 4-bit nibbles In the 
Accumulator. 





1 











1 


1 










XRL A, = data 


(A) ^ (A) XOR data 


Logical XOR specified Immediate data 
with Accumulator. 


1 

d 7 


1 
de 



d 5 


1 
d, 



d 3 




da 


1 
d, 


da 








XRLA, Rr 


(A)*-(A)XOR(Rr) 
for r= 0-7 


Logical XOR contents of designated 
register with Accumulator. 


1 


1 





1 


1 


r 


r 










XRLA,@Rr 


(A)^(A)XOR((Rr)) 
forr=0-1 


Logical XOR Indirect the contents of data 
memory location with Accumulator. 


1 


1 





1 



















Branch 


DJNZ Rr, addr 


(Rr)«-(Rr)-1;r = 0-7 

lf(Rr)#0 

(PC0-7)«-addr 


Decrement the specified register and 
test contents. 


1 
a 7 


1 


1 

8s 




a, . 


1 

83 


r 

8a 


r 

B, 


Bj 


2 


2 




JBbaddr 


(PC0-7)^-addrlfBb=1 
(PC)-(PC) + 2lfBb = 


Jump to specified address If 
Accumulator bit Is set. 


ba 

a, 


b, 

a. 




1 
a. 



8a 




Ba 


1 

a. 




Ba 


2 


2 




JC addr 


(PC0-7)<-addrlfC=1 
(PC)*-(PC)+2lfC = 


Jump to specified address if carry flag 
is set. 


1 

a, 


1 

Be 


1 
as 


1 

a, 




83 


1 
Ba 


1 

B, 




Ba 


2 


2 




JFOaddr 


(PC0-7)<-addrlfFO= 1 
(PC)^-(PC) + 2lfFO = 


Jump to specified address If Flag F Is 
set. 


1 





1 

as 


1 

a, 




8a 


1 
8a 


1 

8| 




«a 


2 


2 




JF 1 addr 


(PC0-7) — addr If F1 = 1 
(PC)*-(PC) + 2lfF1 = 


Jump to specified address If Flag F 1 1s 
set. 



a 7 


1 
a. 


1 


1 
a, 



a, 


1 
Sa 


1 

a. 




Ba 


2 


2 




JMPaddr 


(PC 8 - 10) <- addr 8- 10 
(PC0-7)< addr0-7 
(PC 11)^- DBF 


Direct Jump to specified address within 
the 2K address block. 


Bio 

a, 


a, 

as 


Be 
8s 



a. 




Ba 


1 




B, 




Ba 


2 


2 




JMPP@A 


(PC0 7)^ ((A)) 


Jump indirect to specified address 
with address page. 


1 





1 


1 








1 


1 


2 


1 




JNCaddr 


(PC0 7)^-addrifC = 
(PC)^-(PC) + 2lfC = 1 


Jump to specified address If carry flag Is 
low. 


1 
a? 


1 
Be 


1 

as 



a, 




8a 


1 

Ba 


1 

a, 




Ba 


2 


2 




JNI addr 


(PCO 7)^addrifl = 
(PC)*-(PC) + 2if =1 


Jump to specified address if Interrupt 
is low. 


1 



8a 



a. 




a, 




8a 


1 
8a 


1 
a, 




Ba 


2 


2 
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■unction 


Description 




Instruction Cod* 






Flags 


Mnemonic 


O, D, 


D, D, D, D : 


D, 


D 


Cycles Bytos C AC FO F1 


Branch (Cont.) 



JNTOaddr 


(PC0-7)-addrHT0 = 
(PC) - (PC) + 2 If TO =1 


Jump to specified address II Test is low. 




St 




a. 


1 

«5 




a, 





8i 


1 

a, 




8o 


2 2 


JNT1 addr 


(PC0-7)-addrlfTl = 

(PC) — (PC) + 2lfT1 = 1 


Jump to specified address If Test 1 1s low. 




»7 


1 



a. 




a. 




ftj 


*2 


1 

a, 




83 


2 2 


JNZaddr 


(PCO-7)— addrlfA = 
(PC) — (PC) + 2lfA = 


Jump to specllied addres If Accumulator 
is non-zero. 


1 

«7 




a, 



a. 


i 

a, 





82 


1 

8i 




8a 


2 2 


JTFaddr 


(PCO-7)— addr If TF=1 
(PC) — (PC) + 2lfTF = 


Jump to specified address If Timer Flag 
Is set to 1. 




a. 



a, 





1 




83 


a* 


1 

a, 




8a 


2 2 


JTOaddr 


(PC0-7)-addrlfT0=1 
(PC) -(PC) + 2 if TO =0 


Jump to specified address If Test Is a 1 . 




«7 




a. 


1 

As 


1 
a, 




8a 


82 


1 

a, 




8a 


2 2 


JT1 addr 


(PC0-7)<-addri»T1 = 1 
(PC) — (PC)-2IIT1 = 


Jump to specified address If Test 1 is a 1 . 




«7 


1 

a. 



a. 


1 
a. 




ft) 


82 


1 

a, 




8a 


2 2 


JZ addr 


(PCO-7) — addr If A=0 
(PC)-(PC) + 2HA = 


Jump to specified address If Accumulator 

ISO. 


1 

a. 


1 

■a 



a. 




a. 




8a 


Ba 


1 

8i 




8a 


2 2 


Control 


EN I 




Enable the External Interrupt Input. 
























1 1 


DISI 




Disable the External Interrupt Input. 











i 












1 1 


ENTO CL.K 




Enable the Clock Output pin TO. 





1 


1 


1 












1 1 


SEL MBO 


(DBF)-0 


Select Bank (locations - 2047) of 
Program Memory. 


1 


1 


1 















1 1 


SELMB1 


(DBF) - 1 


Select Bank 1 (locations 2048 - 4085) of 
Program Memory. 


1 


1 


1 


1 












1 1 


SELRBO 


(BS)-O 


Select Bank (locations - 7) of Data 
Memory. 


1 


1 


















1 1 


SELRB1 


(BS)-I 


Select Bank 1 (locations 24-31) of 
Data Memory. 


1 


1 





1 












1 1 


HALT 




Initiate Halt State. 

























1 1 


Data Movoa 


MOV A, = data (A) — data 


Move Immediate the specified data into 
the Accumulator. 







d. 


1 

d, 



d, 



da 



4 


1 

df 


do 


2 2 


MOV A, Rr 


(A)-(Rr);r = 0-7 


Move the contents of the designated 
registers Into the Accumulator. 




1 


1 


1 


1 


r 


r 




1 1 


MOVA,@Rr 


(A)-«Rr));r = 0-1 


Move Indirect the contents of data 
memory location Into the Accumulator. 




1 


1 


1 













1 1 


MOVA, PSW 


(A) -(PSW) 


Move content* of the Program Status 
Word into the Accumulator. 




1 











1 


1 




1 1 


MOV Rr, = 
data 


(Rr) — data; r= 0-7 


Move Immediate the specified data into 
the designated register. 


d, 



d. 


1 
d, 


1 
d, 


1 
da 


r 
da 


r 
d, 


do 


2 2 


MOV Rr, A 


<Rr)-(A);r = 0-7 


Move Accumulator Contents Into the 
designated register. 







1 





1 


r 


r 




1 1 


MOV@Rr,A 


«Rr))-(A),r=0-1 


Move Indirect Accumulator Contents 
Into data memory location. 







1 








. 







1 1 


MOV@Rr,= 
data 


((Rr)) — data; r = 0-1 


Move Immediate the specified data Into 
data memory. 


d, 



d. 


1 
d. 


1 
d< 






d. 



d, 


do 


2 2 


MOV PSW, A 


(PSW) -(A) 


Move contenta of Accumulator Into the 
program status word. 




1 





1 





1 


1 




1 1 


MOVPA,@A 


(PC 0-7) -(A) 
(A) -((PC)) 


Move data In the current page Into the 
Accumulator. 







1 











1 




2 1 


MOVP3 A, 

@A 


(PC0-7)-(A) 
(PC8 - 10) — 011 
(A) -((PC)) 


Move Program data In Page 3 Into the 
Accumulator. 




1 


1 











1 




2 1 


MOVXA,@R 


(A)-((Rr));r=0-1 


Move Indirect the contents of external 
data memory Into the Accumulator. 
























2 1 


MOVX@R,A 


«Rr))-(A),r = 0-1 


Move Indirect the contents of the 
Accumulator into external data memory. 










1 













2 1 


XCHA.Rr 


(A)**(Rr);r=0-7 


Exchange the Accumulator and 
designated register's contents. 








1 





1 


r 


r 




1 1 


XCHA,@Rr 


(A)-((Rr));r=0-1 


Exchange Indirect contents of Accumu- 
lator and location in data memory- 








1 
















1 1 


XCHDA,@Rr 


(A0-3)**((Rr))0-3)); 
r=0-1 


Exchange Indirect 4 bit contents of 
Accumulator and data memory. 








1 


1 













1 1 


Flags 


CPLC 


(O — NOT(C) 


Complement carry bit. 







1 










1 




1 1 


CPLFO 


(FO)-NOT(FO) 


Complement Flag F0. 










1 












1 1 


CPLF1 


(F1)-NOT(F1) 


Complement of Flag F 1 . 







1 


1 












1 1 


CLRC 


(C)-0 


Clear carry bit to 0. 










1 







1 




1 1 


CLRFO 


(FO)-O 


Clear Flag too. 























1 1 


CLRF1 


(F1)-0 


Clear Flag 1 to 0. 







1 















1 1 
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Instruction Set (Cont.) 





Function 


Description 






Instruction Code 






Flags 
Cycles Bytes C AC FO 




Mnemonic 


D, 


De 


D„ 


0, 


D 3 


D; 


D, 


D„ 


F1 


Input/Output 


ANL BUS, = 
data 


(BUS) <- (BUS) AND data 


Logical AND Immediate specified data 
with contents of Bus. 


1 
d, 




da 



d s 


1 

<L 


1 

d, 



d* 



d, 





2 


2 




ANL P„, = 
data 


(P P )<-(P P ) AND data 
p-1-2 


Logical AND Immediate specified data 
with designated port (1 or 2). 


1 
d, 



d. 




d 5 


1 

d, 


1 
4 





P 
d, 


P 

do 


2 


2 




ANLD P p , A 


(Pp)^(Pp)AND(A0-3) 
p = 4-7 


Logical AND contents of Accumulator with 
designated port (4 - 7). 


1 








1 


1 


1 


P 


P 


2 


1 




IN A, P 


<A)^(P„),p=1-2 


Input data from designated port (1 - 2) 
Into Accumulator. 














1 





P 


P 


2 


1 




INS A, BUS 


(A)*- (BUS) 


Input strobed Bus data Into Accumulator. 














1 











2 


1 




MOVDA,P p 


(A0-3)^-(P„);p = 4-7 
(A4-7)^0 


Move contents of designated port (4 - 7) 
Into Accumulator. 














1 


1 


P 


p 


2 


1 




MOV0P s ,A 


(P„)<-A0-3;p = 4-7 


Move contents of Accumulator 
designated port (4 - 7). 





1 


1 


1 


1 


p 


P 


1 


1 






ORL BUS, = 
data 


(BUS) «- (BUS) OR data 


Logical OR Immediate specified data with 
contents of Bus. 


1 
d, 



d. 



d, 




d, 


1 
d, 



d* 



d, 



d= 


2 


2 




ORLD P B , A 


<Pp)*-(Pp)OR(A0-3) 
P = 4-7 


Logical OR contents of Accumulator with 
designated port (4-7). 


1 











1 


1 


P 


P 


1 


1 




ORL P p , = 
data 


(Pp)^(Pp)ORdata 
p= 1-2 


Logical OR Immediate specified data with 
designated port (1 - 2). 


1 
d, 


de 








1 

da 



CL 


P 

d, 


P 

db 


2 


2 




OUTL BUS, A 


(BUS)*- (A) 


Output contents of Accumulator onto 
Bus. 




















1 





1 


1 




OUTL Pp, A 


«Pp)«-(A);p=1-2 


Output contents of Accumulator to 
designated port (1 - 2). 








1 


1 


1 





P 


p 


1 


1 




Raglaters 


DECRr(Rr) 


(Rr)<-(Rr) 1;r=0-7 


Decrement by 1 contents of designated 
register. 


1 


1 








1 


r 


r 


r 


1 


1 




INCRr 


(Rr)<-(Rr) + 1,r = 0-7 


Increment by 1 contents of designated 
register. 











1 


1 


r 


r 


r 


1 


1 




INC@R 


«Rr))^((Rr)) + 1; 
r=0-1 


Increment Indirect by 1 the contents of 
data memory location. 











1 











r 


1 


1 




Subroutine 


Call addr 


«SP))^-(PC),(PSW4-7) 


Call designated Subroutine. 


a.o 


*> 


a„ 


1 





1 








2 


2 






(SP)^-(SP)+1 

(PC 8 - 10) «- addr 8 -10 

(PC0-7)^-addr0-7 

(PC 11)^- DBF 




a 7 


a, 


as 


a, 


*3 


% 


a. 


a» 








RET 


(SP)^-(SP) 1 
(PC)^-«SP)) 


Return from Subroutine without 
restoring Program Status Word. 


1 

















1 


1 


2 


1 




RETR 


(SP)^-(SP) 1 
(PC)^«SP» 
«PSW4-7)*-«SP)) 


Return from Subroutine restoring 
Program Status Word. 


1 








1 








1 


1 


2 


1 




Timer/Counter 


EN TCNTI 




Enable Internal interrupt Flag for 
Timer/Counter output. 








1 








1 





1 




1 




DISTCNTI 




Disable Internal interrupt Flag for 
Timer/Counter output. 








1 


1 





1 





1 




1 




MOVA.T 


(A)^(T) 


Move contents of Timer/Counter Into 
Accumulator. 





1 














1 







1 




MOVT.A 


(T)-(A) 


Move contents of Accumulator Into 
Timer/Counter. 





1 


1 











1 







1 




STOP TCNT 




Stop Count for Event Counter. 





1 


1 








1 





1 




1 




STRT CNT 




Start Count for Event Counter. 





1 











1 





1 




1 




STRTT 




Start Counter for Timer. 





1 





1 





1 





1 




1 




Miscellaneous 


NOP 




No Operation performed. 


























1 


1 





Notes: 

® Instruction Code Designations r and p form the binary representation of the Registers and Ports involved. 

@ The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appears in. 

(D References to the address and data are specified in bytes 2 and/or 1 of the instruction. 

® Numerical Subscripts appearing in the FUNCTION column reference the specific bits affected. 
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Package Outlines 

M PD80C48C 

M PD80C35C 



/mPD80C48D 
M PD80C35D 



Item 


Millimeters 


Inches 


A 


51.5 MAX 


2.02B MAX 


B 


1.62 


0.064 


C 


2.54 ± 0.1 


0.10 ±0.004 


D 


0.5 ± 0.1 


0.019 ±0.004 


E 


48.26 


1.9 


F 


1.5 MIN 


0.059 MIN 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.01 9 MIN 


1 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 MAX 


L 


13.2 MAX 


0.520 MAX 



Item 


Millimeters 


Inches 


A 


51 .5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 ± 0.1 


0.100 ±0.004 


D 


0.50 ± 0.1 


0.0197 ±0.004 


E 


48.26 ± 0.2 


1.900 ±0.008 


F 


1.27 


0.050 


G 


3.2 MIN 


0.126 MIN 


H 


1.0 MIN 


0.04 MIN 


1 


4.2 MAX 


0.17 MAX 


J 


5.2 MAX 


0.205 MAX 


K 


15.24 ±0.1 


0.6 ± 0.004 


L 


+ 0.2 
13.5 

-0.25 


+ 0.008 
0.531 

- 0.010 



0.012 ±0.004 




H 



\=^ 



immmnmmf-P 

F-II-- — |Ch- —ft— | 



- K 

h — L — rl 




F 1 




0°-15°- 


v 



80C48/35DS-REV1-1-82-TRIUM-CAT 
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NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



pPD8049 
jiPD8039L 



HIGH PERFORMANCE 

SINGLE CHIP 8-BIT MICROCOMPUTERS 



DESCRIPTION The NEC juPD8049 and juPD8039L are single chip 8-bit microcomputers. The processors 
differ only in their internal program memory options: the /iPD8049 has 2K x 8 bytes 
of mask ROM and the/uPD8039L has external program memory. Both of these devices 
feature new, high performance 1 1 MHz operation. 



FEATURES 



High Performance 11 MHz Operation 

Fully Compatible with Industry Standard 8049/8039 

Pin Compatible with thejuPD8048/8748/8035 

NMOS Silicon Gate Technology Requiring a Single +5V ±10% Supply 

1.36 jus Cycle Time. All Instructions 1 or 2 Bytes 

Programmable Interval Timer/Event Counter 

2K x 8 Bytes of ROM, 128 x 8 Bytes of RAM 

96 Instructions: 70 Percent Single Byte 

27 I/O Lines 

Internal Clock Generator 

Expandable with 8080A/8085A Peripherals 

Available in Both Ceramic and Plastic 40-Pin Packages 



PIN CONFIGURATION 



T oC 


1 


W * 


40 


3 


XTAL 1 C 


2 




39 


3 


XTAL2C 


3 




38 


3 


RESET C 


4 




37 


3 


ss c 


5 




36 


H 


Tnt q 


6 




35 


3 


EA C 


7 




34 


3 


RD C 

PSENC 

WR C 

ALE C 


8 

9 

10 

11 


//PD 
8049/ 
8039 L 


33 
32 
31 
30 


3 
3 
3 
3 


DB Q C 


12 




29 


3 


DB 1 C 


13 




28 


3 


DB 2 C 


14 




27 


3 


DB 3 C 


15 




26 


3 


DB 4 C 


16 




25 


3 


DB 5 C 


17 




24 


3 


DB 6 C 


18 




23 


3 


DB 7 C 


19 




22 


3 


^S 11 


20 




21 


3 



v cc 

T 1 

P27 
P26 
P25 
P24 
P17 
P16 
P15 
P14 
P13 
P12 
P11 
P10 

V DD 
PROG 

P23 

P22 

P21 

P20 




Rev/2 
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pPD8049/8039L 



The NEC juPD8049 and juPD8039L are high performance, single component, 8-bit 
parallel microcomputers using N-channel silicon gate MOS technology. The /UPD8049 
and ;uPD8039L function efficiently in control as well as arithmetic applications. The 
powerful instruction set eases bit handling applications and provides facilities for binary 
and BCD arithmetic. Standard logic functions implementation is facilitated by the 
large variety of branch and table look-up instructions. 



FUNCTIONAL 
DESCRIPTION 



The juPD8049 and ^PD8039L instruction set is comprised of 1 and 2 byte instructions 
with over 70 percent single-byte. The instruction set requires only 1 or 2 cycles per 
instruction with over 50 percent single-cycle. 

The /uPD8049 and MPD8039L microprocessors will function as stand-alone micro- 
computers. Their functions can easily be expanded using standard 8080A/8085A 
peripherals and memories. 

The jzPD8049 contains the following functions usually found in external peripheral 
devices: 2048 x 8 bits of mask ROM program memory; 128 x 8 bits of RAM data 
memory; 27 I/O lines; an 8-bit interval timer/event counter; and oscillator and clock 
circuitry. 

The ^PD8039L is intended for applications using external program memory only. It 
contains all the features of the juPD8049 except the 2048 x 8-bit internal ROM. The 
external program memory can be implemented using standard 8080A/8085A memory 
products. 



POWER SUPPL 



|vdd |vcc Jv 



BLOCK DIAGRAM 



PROGRAM 

SUPPLY (LOW POWER 

STANDBY) 



PORT 2 LATCH ILOW4 

AND EXPANDER 

PORT I/O 



EVENT COUNTER 



ACCUMULATOR (8) 



RESIDENT PROGRAM MEMORY 

ROM/EPROM 

2048x8 



LOWER 
PROGRAM 
COUNTER 



PROGRAM 
STATUS 
WORD 



BUS BUFFER 
COUNTER'S TEMP| PORT O 
EGISTER 



u 



SS RD WR 



CONOITI6NAL 
BRANCH 
LOGIC 



-TIMER FLAG 
- CARRY 
* A CC 



T * I CPU/MEMORY II J 1111 

I INITIALIZE T SEPARATE | | f I t t I 

ERRUPT PROM/EXPANDER OSCILLATOR, ADDRESS PROGRAM SINGLE READ WRITE 

STROBE XTAt. LATCH MEMORY STEP STROBES 

* STR08E/ ENABLE 
CYCLE 



ULTIPLEXER 



DATA STORE 
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PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


1 


T o 


Testable input using conditional transfer functions JTO and JNTO. The 
internal State Clock (CLK) is available to To using the ENTO CLK 
instruction. To can also be used during programming as a testable flag. 


2 


XTAL 1 


One side of the crystal, LC, or external frequency source. (Non-TTL 
compatible V | H-) 


3 


XTAL2 


The other side of the crystal or LC frequency source. For external 
sources, XTAL 2 must be driven with the logical complement of 
the XTAL 1 input. 


4 






RESET 


Active low input from processor initialization. RESET is also used for 
PROM programming verification and power-down (non-TTL com- 
patible V|(-|). 


5 


S3 


Single Step input (active-low). SS together with ALE allows the 
processor to "single-step" through each instruction in program 
memory. 


6 


fNT 


Interrupt input (active-low). INT will start an interrupt if an enable 
interrupt instruction has been executed. A reset will disable the inter- 
rupt. INT can be tested by issuing a conditional jump instruction. 


7 


EA 


External Access input (active-high). A logic "1" at this input com- 
mands the processor to perform all program memory fetches from 
external memory. 


8 


RD 


READ strobe outputs (active-low). RD will pulse low when the proces- 
sor performs a BUS READ. FFI5 will also enable data onto the 
processor BUS from a peripheral device and function as a READ 
STROBE for external DATA MEMORY. 


9 


PSEN 


Program Store Enable output (active-low). PSEN becomes active only 
during an external memory fetch. 


10 


WR 


WRITE strobe output (active-low). WR will pulse low when the 
processor performs a BUS WRITE. WR can also function as a WRITE 
STROBE for external DATA MEMORY. 


11 


ALE 


Address Latch Enableoutput (active-high). Occurring once each cycle, 
the falling edge of ALE latches the address for external memory or 
peripherals. ALE can also be used as a clock output. 


12-19 


D -D 7 BUS 


8-bit, bidirectional port. Synchronous reads and writes can be per- 
formed on this port using RD and WR strobes. The contents of the 
D0-D7 BUS can be latched in a static mode. 

During an external memory fetch, the Dq-Dj BUS holds the least 
significant bits of the program counter. PSEN controls the incoming 
addressed instruction. Also, for an external RAM data store instruc- 
tion the Do ; D7 BUS, controlled by ALE, RD and WR, contains 
address and data information. 


20 


v S s 


Processor's GROUND potential. 


21-24, 
35-38 


P20-P27: 
PORT 2 


Port 2 is the second of two 8-bit quasi-bidirectional ports. For external 
data memory fetches, the four most significant bits of the program 
counter are contained in P20~ p 23- Bits P20"' 3 23 are a ' so usec ' as a 
4-bit I/O bus for the MPD8243, INPUT/OUTPUT EXPANDER. 


25 


PROG 


PROG is used as an output strobe for mPD8243's during I/O expan- 
sion. When the MPD8049 is used in a stand-alone mode the PROG pan 
can be allowed to float. 


26 


V D D 


Vqd is use d t0 Provide +5V to the 128 x 8 bit RAM section. During 
normal operation Vqq must also be +5V to provide power to the other 
functions in the device. During stand-by operation Vdq must remain 
at +5V while Vrjc is at ground potential. 


27-34 


P 10 -P17 : 
PORT 1 


Port 1 is one of two 8-bit quasi-bidirectional ports. 


39 


T1 


Testable input using conditional transfer functions JT1 and JNT1 . T1 
can be made the counter/timer input using the STRT CNT instruction. 


40 


v C c 


Primary Power supply. Vcc ' s + 5V during normal operation. 
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Operating Temperature 0°Cto+70°C ABSOLUTE MAXIMUM 

Storage Temperature (Ceramic Package) -65°C to +150°C RATINGS* 

Storage Temperature (Plastic Package) -65°Cto +150°C 

Voltage on Any Pin - 0.5 to +7 Volts © 

Power Dissipation 1.5 W 

Note: © With respect to ground. 

T a = 25°C 

"COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



T a - 0°C to +70°C; Vcc - VqD " +5V * 10% ' V SS " ov 



DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 

(All Except XTAL 1, XTAL 2) 


V|L 


-0.5 




0.8 


V 




Input High Voltage 

(All Except XTAL 1, XTAL 2, RESET) 


VlH 


2.0 




vcc 


V 




Input High Voltage 
(RESET, XTAL 1, XTAL 2) 


VIH1 


' 3.8 




vcc 


V 




Output Low Voltage (BUS, RD, 
WR, PSEN, ALE) 


VOL 






0.45 


V 


lOL = 2.0 mA 


Output Low Voltage (All Other 
Outputs Except PROG) 


VOL1 






0.45 


V 


lOL = 1-6 mA 


Output Low Voltage (PROG) 


VOL2 






0.45 


V 


lOL " 1.0 mA 


Output High Voltage (BUS, RD, 
WR, PSEN, ALE) 


VOH 


2.4 






V 


l0H= -100 mA 


Output High Voltage (All Other 
Outputs) 


VOH1 


2.4 






V 


Iqh = -50**A 


Input Leakage Current 
(T1.EA, INT) 


IlL 






±10 


M 


Vss< V|M«VCC 


Output Leakage Current 

(BUS, To - High Impedance State) 


'OL 






±10 


MA 


VCC >V| N >VSS + 0.45V 


Power Down Supply Current 


'DD 




25 


50 


mA 


T a - 25°C 


Total Supply Current 


IDD + ice 




100 


170 


mA 


T a = 25°C 



c= 



RESET 

SINGLE 

STEP 
EXTERNAL 

MEMORY 



TEST 



■E 



INTERRUPT- 

BUS -* 



MPD 
8049/ 
8039L 




PROGRAM STORE 
ENABLE 



ADDRESS LATCH 
ENABLE 



PORT EXPANDER 
STROBE 



LOGIC SYMBOL 
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AC CHARACTERISTICS 



READ, WRITE AND INSTRUCTION FETCH - EXTERNAL 
DATA AND PROGRAM MEMORY 

0"C to +70°C; Vcc = VpD " +5V * 10% ; V SS ** ov 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


ALE Pulse Width 


*LL 


150 






ns 




Address Setup before ALE 


'AL 


70 






ns 




Address Hold from ALE 


'LA 


50 






ns 




Control Pulse Width (PSEN, RD,WR) 


tCC 


300 






ns 




Data Setup before WR 


f DW 


250 






ns 




Data Hold after WR 


'WD 


40 






ns 


C L = 20pF© 


Cycle Time 


'CY 


1.36 




15.0 


MS 




Data Hold 


'DR 







100 


ns 




PSEN, RD to Data In 


'RD 






200 


ns 




Address Setup before WR 


'AW 


200 






ns 




Address Setup before Data In 


'AD 






400 


ns 




Address Float to RD, PSEN 


'AFC 


-40 






ns 





Notes: © For Control Outputs: C|_ = 80 pF 
(2) For Bus Outputs: C L = 1 50 pF 
(D toy = 1 -36 ms 

PORT 2 TIMING 

T a = 0°C to +70° C; V C C = +5V ± 10%; Vss = 0V 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Port Control Setup before Falling 
Edge of PROG 


'CP 


100 






ns 




Port Control Hold after Falling 
Edge of PROG 


'PC 


60 






ns 




PROG to Time P2 Input must be 
Valid 


'PR 






650 


ns 




Output Data Setup Time 


'DP 


200 






ns 




Output Data Hold Time 


'PD 


20 






ns 




Input Data Hold Time 


'PF 


i0 




150 


ns 




PROG Pulse Width 


tpp 


700 






ns 




Port 2 I/O Data Setup 


'PL 


150 






ns 




Port 2 I/O Data Hold 


'LP 


20 






ns. 






TIMING WAVEFORMS 




'AL 



'AFC ~m — 'CC- 



'DR l+— 



FLOATING^ ^ ■ \f FLOATING ^^ *~V FLOATING ^^ 



— H 'RD 



-'AD- 



\ 



INSTRUCTION 



INSTRUCTION FETCH FROM EXTERNAL MEMORY 
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ALE I 



F?D 



"I TIMING WAVEFORMS 



(CONT.) 



^ 



'AFC 



t 



LOATING^^DDRESS^^ FLOATING ^^ DATA ^^ 



H 



■'AW 



'RD !•«— 



FLOATING 



READ FROM EXTERNAL DATA MEMORY 



_J 



l_ 



FLOATINGy^ADDRESS^^FLOATING^I^ DATA ^1^ F 



<DW 



'WD 



-'AW- 



WRITE TO EXTERNAL MEMORY 



ALE 

EXPANDER PORT 



OUTPUT 



p CH > ' 



-tp L - 



— tLP 

X 



EXPANDER PORT 

|NPUT IZ>CZ 



PORT 2q.3 DATA 



>zzr=*: 



tCP — I 



f 



— tpp - - l tppf - — 

" V OUTPUT DATA ] ) (_ 



PORT CONTROL 
\ (- «PR- 



PROG- 



-t PC — 



y < x 



-tpp- 



-- t PF 



INPUT DATA 



r 



PORT 2 TIMING 
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INSTRUCTION SET 



pPD8049/8039L 













INSTRUCTION CODE 






1 FLAGS 


MNEMONIC 


FUNCTION 


DESCRIPTION 


D 7 


G>6 


°5 


D 4 


D3 


D2 


1 Do 


CYCLES 


BYTES | C AC FO F1 


ACCUM 


ULATOR 




ADD A, = data 


IA) ■ IAI + data 


Add Immediate the specified Data to the 
Accumulator. 



d7 



"6 






"4 




13 




d 2 .1 


1 d 


? 


2 




ADDA, Rr 


(Al ■ (Al + IRr] 
for r = 0- 7 


Add contents of designated register to 
the Accumulator. 





1 


1 





1 


1 










ADD A. @>Rr 


(A) - (A) + KRrll 
for r = ' 1 


Add Indirect the contents the data 
memory location to the Accumulator. 





1 


1 








1 








ADDC A, -data 


(Al ■ IAI + (CI + data 


Add Immediate with carry the specified 
data to the Accumulator. 



d7 



d6 



"5 


1 
d 4 




c<3 



d2 d 


1 
1 d 








ADDC A. Rr 


(Al • IAI + (CI + (Rrl 
for r = 7 


Add with carry the contents of the 
designated register to the Accumulator. 





1 


1 


1 


1 


' 










ADDC A. @Rr 


(Al ■ (Al * (CI + (IRr)) 
for r = 1 


Add Indirect with carry the contents of 
data memory location to the 
Accumulator. 





1 


1 


1 





r 








ANL A, =data 


IAI- (A) AND data 


Logical and specified Immediate Data 
with Accumulator. 



d7 


1 
<*6 



d5 


1 
04 



"3 


1 1 
d2 d) d 








ANL A, Rr 


(Al - (Al AND (Rrl 
for r - 7 


Logical and contents of designated 
register with Accumulator. 





1 





1 


1 


' 










ANL A, @>Rr 


(Al - (A) AND KRrll 
for r - 1 


Logical and Indirect the contents of data 
memory with Accumulator. 





1 





1 





r 








CPL A 


(Al - NOT IAI 


Complement the contents of the 
Accumulator. 








1 


1 





1 


1 








CLR A 


IAI • 


CLEAR the contents of the Accumulator. 








1 








1 


1 








DA A 




DECIMAL ADJUST the contents of the 
Accumulator. 





1 





1 





1 


1 






• 


DEC A 


(Al • (Al 1 


DECREMENT by 1 the accumulator's 

















1 


1 








INC A 


IAI • IAI + 1 


Increment by 1 the accumulator's 
contents. . 











1 





1 


1 








OR LA, = data 


(Al • (Al OR data 


Logical OR specified immediate data 
with Accumulator 



d7 


1 
d6 



"5 




d 4 



d3 


1 1 
d2 di do 


2 


2 




ORL A, Rr 


(A) • (Al OR (Rr) 
for r = 7 


Logical OR contents of designated 
register with Accumulator. 





1 








1 


' 










ORL A, @>Rr 


(Al - IAI OR KRrll 
for r « 1 


Logical OR Indirect the contents of data 
memory location with Accumulator. 





1 











r 








RL A 
RLC A 


(AN + 1) • IAN) 

IA ) - IA 7 I 

for N - - 6 

(AN + 11- (ANI;N =0 6 

(A ) - (C) 

(CI - IA 7 ) 


Rotate Accumulator left by 1-bit without 
carry. 

Rotate Accumulator left by 1 -bit through 
carry. 


1 
1 


1 
1 


1 
1 




1 






1 
1 


1 
1 






• 


RR A 


(AN) -IAN+ 1): N = 0- 6 
(A 7 ) • (A I ' 


Rotate Accumulator right by 1-bit 

without carry. 





1 


1 


1 





1 


1 








RRC A 
SWAP A 


(ANI - (AN + 11; N = - 6 
(A 7 ) ■ (CI 
IC) • (A I 
(A 4 _ 7 ) .-■ (A - 31 


Rotate Accumulator right by 1-bit 
through carry. 

Swap the 2 4-bit nibbles in the 
Accumulator. 






1 
1 


1 












1 
1 


1 
1 








XRL A, = data 


IAI • (Al XORdata 


Logical XOR specified immediate data 
with Accumulator. 


1 
d7 


1 
"6 



d5 


1 

d 4 



d3 



d2 d 


1 
1 do 


2 


2 




XRL A, Rr 


(Al - (Al XOR (Rrl 
for r = - 7 


Logical XOR contents of designated 
register with Accumulator. 


1 


1 





1 


1 


' 










XRL A, @Rr 


IAI • (Al XOR KRrl) 
for r = - 1 


Logical XOR Indirect the contents of data 
memory location with Accumulator. 


1 


1 





1 


















BRANCH 




DJNZ Rr, addr 


(Rr)-(Rrl- 1;r= - 7 

If (Rr) * 0: 

(PC - 71 - addr 


Decrement the specified register and 
test contents. 


1 
a7 


1 
36 


1 
35 



a 4 


1 
33 


32 a 


1 30 


2 


2 




JBb addr 


(PC 7) - addr if Bb - 1 
(PCI • (PCI + 2 if Bb = 


Jump to specified address if 
Accumulator bit is set. 


b 2 
37 


"1 . 
36 


hO 

35 


1 
34 




33 



a 2 s 



30 


2 


2 




JCaddr 


(PC - 7) - addr if C = 1 
(PC) • (PC) + 2 if C =• 


Jump to specified address if carry flag 


a7 


1 

a 6 


1 
35 


1 

34 




33 


1 

3 2 3 



30 


2 


2 




JFOaddr 


(PCO 71 - addr if FO - 1 
(PCI • IIPCI + 2 if FO -, 


Jump to specified address if Flag F0 is 
set. 


1 

a7 



a 6 


1 
35 


1 
34 




33 


1 

3 2 3 



30 


2 


2 




JF1 addr 


(PC 71 -addr if F1 « 1 
(PCI • (PCI + 2 if F1 - 


Jump to specified address if Flag F1 is 
set. 



37 


1 
36 


1 

a 5 


1 

3 4 




33 


1 

a 2 a 



a 


2 


2 




JMPaddr 


(PC 8 101 ■ addr 8 10 
(PCO 71 -addr 7 
(PC 111 ■ DBF 


Direct Jump to specified addiess within 
the 2K address block. 


310 
37 


ag 
a 6 


=8 
a 5 



34 




33 


1 
32 31 30 


2 


2 




JMPP @> A 


(PCO 7)- ((All 


Jump indirect to specified address with 
with address page. 


1 





1 


1 








1 


2 


1 




JNC addr 


IPC 71 • addr if C * 
(PC) • (PCI + 2 if C 1 


Jump to specified address il cany Hag is 
low. 


1 

37 


1 
a 6 


1 
:i 5 




34 




33 


1 
32 3 



30 


2 


2 




JNI addr 


(PC 71 - addr if 1 * 
(PCI • IPC) * 2 if I 1 


Jump to specilied address if interrupt 
is low. 


1 

a? 



36 



3 5 




34 




33 


1 

3 2 3 




30 


2 


2 
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INSTRUCTION SET (CONT.) 













INSTRUCTION CODE 










FLAGS 


MNEMONIC 


FUNCTION 


DESCRIPTION 


D7 


D6 


°5 


D 4 


D3 


D 2 


01 


DO 


CYCLES 


BYTES 


C AC FO F1 




BRANCH (CONT. I 








JNTOsddr 


(PC 7)- addr if TO = 
IPC) • (PCI I- 2 if TO' 1 


Jump to specified address if Test is low. 



a7 



36 


1 
a 5 



34 




33 


32 


31 



30 


2 


2 




JNT1 addr 


(PCO 7) ■ addr if T1 - 
(PC) • (PC) * 2 if T1 1 


Jump to specified address if Test 1 is low. 




37 


1 
36 



a 5 



a 4 




33 


32 


31 




30 


2 


2 




JNZ addr 


(PC 7) • addr if A ■■ 
(PCI ■ (PCI i 2 if A 


Jump to specified address if accumulator 


1 
37 



36 



a5 


1 
34 




33 


32 


31 




30 


2 


2 




JTF addr 


(PCO 71 • addr if TF - 1 
(PCI ■ (PCI h 2 if TF 


Jump to specified address if Timer Flay 
is set to 1. 



37 



36 



a 5 


1 
a4 




33 


32 


31 




80 


2 


2 




JTOaddr 


(PC ■ 7) - addr if TO 1 
(PCI - (PCI r 2 if TO - 


Jump to specified address if Test is a . 



»7 



36 


1 

35 


1 
34 




33 


a 2 


31 




30 


2 


2 




JT1 addr 


(PCO 71 - addr if T1 - 1 
IPC) • (PCI i 2 if T1 


Jump to specified address if Test 1 is a 1. 




37 


1 
36 



35 


1 

34 




33 


32 


31 




30 


2 


2 




JZaddr 


(PC 7) ■ addr if A - 
(PC) • (PCI t 2 if A : 


Jump to specified address if Accumulator 
is 0. 


1 
37 


1 
a 6 




35 



34 




33 


32 


31 




a 


2 


2 






CONTROL 








EN 1 




Enable the External Interrupt input. 
























1 


1 




DIS 1 




Disable the External Interrupt input. 











1 












1 


1 




ENTOCLK 




Enable the Clock Output pin TO. 





1 


1 


1 












1 


1 




SELMBO 


(DBFI -0 


Select Bank (locations 20471 of 
Program Memory. 


1 


1 


1 















1 


1 




SEL MB1 


(DBF)*- 1 


Select Bank 1 (locations 2048 4095) of 
Program Memory. 


1 


1 


1 


1 












1 


1 




SEL RBO 


(BS) -0 


Select Bank (locations - 7) of Data 
Memory. 


1 


1 


















1 


1 




SEL RBI 


(BSI - 1 


Select Bank 1 (locations 24 31) of 
Data Memory. 


1 


1 





1 












1 


1 






DATA MOVES 




MOV A, - data 


(A| *-data 


Move Immediate the specified data into 
the Accumulator. 



d7 





1 

05 



d 4 



13 




d 2 


1 

dl 


do 


2 


2 




MOV A, Rr 


(A) - (Rr);r = 0-7 


Move the contents of the designated 
registers into the Accumulator. 


1 


1 


1 


1 


1 


' 


' 




1 


1 




MOV A, <B Rr 


(A) -<(Rr));r= 0- 1 


Move Indirect the contents of data 


1 


i 


1 


1 













'1 


1 




MOV A, PSW 


(Al - (PSW] 


Move contents of the Program Status 
Word into the Accumulator. 


1 


1 











1 


1 




1 


1 




MOV Rr. -; data 


(Rr) '-data;r = 0- 7 


Move Immediate the specified data into 
the designated register. 


1 
d7 



d6 


1 

"5 


1 
d 4 


1 

03 


d 2 


dl 


do 


2 


2 




MOV Rr. A 


(Rrl--(A);r = 0-7 


Move Accumulator Contents into the 
designated register. 


1 





1 





1 


' 


' 




1 


1 




MOV SRr. A 


((Rr))<-(A);r = 0- 1 


Move Indirect Accumulator Contents 
into data memory location. 


1 





1 
















1 


1 




MOV @> Rr, - data 


((Rr)] -data;r = 0- 1 


Move Immediate the specified data into 
data memory. 


1 

d7 



d6 


1 
<*5 


1 

d 4 



d3 



d 2 




d1 


do 


2 


2 




MOV PSW. A 


(PSW) - (A) 


Move contents of Accumulator into the 
program status word. 


1 


1 





1 





1 


1 




1 


1 




MOVP A, @> A 


(PCO- 7) -(A) 
(A) -((PC)) 


Move data in the current page into the 
Accumulator. 


1 





1 











1 




2 


1 




MOVP3 A.® A 


(PC 0-7) - (A) 
(PC 8- 10) - 01 1 

(A) - (IPO) 


Move Program data in Page 3 into the 
Accumulator. 


1 


1 


1 











1 




2 


1 




MOVX A, <5> R 


(A)-((Rr));r«0- 1 


Move Indirect the contents of external 
data memory into the Accumulator. 


1 






















2 


1 




MOVX 19 R, A 


(<Rrl)-(AI;r-0- 1 


Move Indirect the contents of the 
Accumulator into external data memory. 


1 








1 













2 


1 




XCH A. Rr 


(A)^(Rr);r »0-7 


Exchange the Accumulator and 
designated register's contents. 








1 





1 


' 


' 




1 


1 




XCH A, @>Rr 


(A)^((Rr|];r = 0- 1 


Exchange Indirect contents of Accumu- 
lator and location in data memory. 








1 
















1 


1 




XCHD A, @> Rr 


(AO- 3)5 ((Rr)) - 3D; 
r = 0- 1 


Exchange Indirect 4-bit contents of 
Accumulator and data memory. 








1 


1 













1 


1 








FLAGS 






CPL C 


(C) ■ NOT (C) 


Complement Content of carry bit. 







1 










1 




1 


1 


• 


CPL FO 


(FOI • NOT (FO! 


Complement Content of Flag FO. 










1 












1 


1 


• 


CPL F1 


(F1) • NOT IF1) 


Complement Content of Flag F1 







1 


1 












1 


1 


• 


CLR C 


(CI • 


Clear content of carry bit to 0. 










1 







1 




1 


1 


• 


CLR FO 


(FO)- 


Clear content of FlagO to 0. 























1 


1 


• 


CLR F1 


(F1) • 


Clear content of Flag 1 to 0. 







1 















1 


1 


* 
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INSTRUCTION CODE 










FLAGS 


1 MNEMONIC 


FUNCTION 


DESCRIPTION 


D7 06 


DS 


D4 


D3 


D2 


01 


DO 


CYCLES 


BYTES 


C AC FO F1 






INPUT/OUTPUT 




ANL BUS, -data 
ANLPp, = data 


(BUSI - IBUS) AND data 

(Pp) ■• (Pp) AND data 
p = 1 - 2 


Logical and Immediate-specified data 
with contents of BUS. 
Logical and Immediate specified data 
with designated port (1 or 2) 


1 
d 7 d6 

1 ' 
d7 d 6 



15 


°5 


1. 
d 4 

1 
d 4 


1 
d3 

1 
d3 




d 2 



d 2 



dl 

P 
dl 



dO 

P 
dO 


2 
2 


2 
2 




ANLDPp. A 
IN A, Pp 


(Pp)- IPp) AND (A 0-3) 
p = 4- 7 

IA)«-(Ppl;p-1 -2 


Logical and contents of Accumulator with 
designated port (4 - 7). 
Input data from designated port (1 - 2) 
into Accumulator, 


1 







1 



1 
1 


1 




P 

P 


P 


2 
2 


1 
1 




INS A, BUS 


(A) -(BUS) 


Input strobed BUS data into Accumulator 











-1 











2 


1 




MOVD A, Pp 


(A0-3)-(Pp);p-4-7 
(A4-71-0 


Move contents of designated port (4-7) 
into Accumulator. 











1 


1 


P 


P 


2 


1 




MOVD Pp, A 


IPp)-A0-3;p-4- 7 


Move contents of Accumulator to 
designated port (4-7). 


' 


1 


1 


1 


1 


P 


P 


1 


1 




OR L BUS, = data 


(BUS) • (BUS) OR data 


Logical or Immediate specified data with 
contents of BUS. 


1 
d 7 d6 



d5 




d 4 


1 
d3 




d 2 




dl 



do 


2 


2 




ORLDPp, A 


(Ppl-(Pp)OR (A 0-3) 
p-4-7 


Logical or contents of Accumulator with 
designated port (4 - 7). 


1 








1 


1 


P 


P 


1 


1 




OR L Pp, = data 
OUTL BUS, A 


(Pp) - (Ppl OR data 
p = 1 - 2 
(BUS) • IAI 


Logical or Immediate specified data with 

designated port (1 - 2). 

Output contents of Accumulator onto 

BUS. 


-1 . 
d7 d6 









d 4 




1 

d3 
. 




d 2 




P 
<Jl 
1 


P 

do 



2 
1 


2 
1 




OUTL Pp, A 


(Pp)-(A);p- 1 -2 


Output contents of Accumulator to 
designated port (1 - 2). 





1 


1 


1 





P 


P 


1 


1 






REGISTERS 




DEC Rr (Rr) 


(Rrl-(Rr) 1;r-0-7 


Decrement by 1 contents of designated 
register. 


1 1 








1 


' 


' 


' 


1 


1 




INC Fir 


(Rr) <-(Rr) + 1:r - 0- 7 


Increment by 1 contents of designated 
register. 








1 


1 


• 


' 


' 


1 


1 




INC<9>Rr 


KRr))- ((Rr)) + 1; 
r = 0- 1 


Increment Indirect by 1 the contents of 
data memory location. 








1 











' 


1 


1 






SUBROUTINE 




CALL addr 


((SP))~(PC),(PSW4-7) 


Call designated Subroutine. 


aio ag 


3R 


1 





1 








2 


2 






(SPI - (SP) + 1 
(PC 8- 10) -addr 8- 10 
IPCO- 7) -addr 0-7 
(PC 11) -DBF 




a7 36 


a 5 


a 4 


33 . 


32 


a 1 


30 








RET 


(SP) • (SP) - 1 
(PC) • ((SPI) 


Return from Subroutine without 
restoring Program Status Word. 


1 . 














1 


1 


2 


1 




RETR 


(SP) - (SP) 1 
(PCI - ((SP)) 
(PSW4 71 • ((SP)) 


Return from Subroutine restoring 
Program Status Word. 


1 





1 








1 


1 


2 


1 








TIMER/COUNTER 




EN TCfMTI 




Enable Internal interrupt Flag for 
Timer/Counter output. 





1 








1 





1 




1 




DISTCNTI 




Disable Internal interrupt Flag for 
Timer/Counter output. 





1 


1 





1 





1 




1 




MOV A, T 


(A)- IT) 


Move contents of Timer/Counter into 
Accumulator. 


1 














1 







. 1 




MOV T, A 


(Tl- (Al 


Move contents of Accumulator into 
Timer/Counter. > : 


1 


1 











1 







1 




STOP TCNT 




Stqp Count for Event Counter. 


1 


1 








1 





1 




1 




STRT CNT 




Start Count for Event Counter. 


1 











1 





1 




1 




STRTT 




Start Count for Timer. 


1 





1 





1 





1 




1 








MISCELLANEOUS 




NOP 




No Operation performed. 























' I ' I 



Notes: (T) Instruction Code Designations r and p form the binary representation of the Registers and Ports involved. 

(5) The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appear- 

(3) References to the address and dBta are specified in bytes 2 and/or 1 of the instruction. 

(3j) Numerical Subscripts appearing in the FUNCTION column reference the specific bits affected. 

Symbol Definitions: 



SYMBOL 


DESCRIPTION 


A 


The Accumulator 


AC 


The Auxiliary Carry Flag 


addr 


Program Memory Address (12 bits) 


Bb 


Bit Designator (b = - 7) 


BS 


The Bank Switch 


BUS 


The BUS Port 


C 


Carry Flag 


CLK 


Clock Signal 


CNT 


Event Counter 


D 


Nibble Designator (4 bits) 


data 


Number or Expression (8 bits) 


DBF 


Memory Bank Flip-Flop 


F0.F1 


Flags 0, 1 


1 


Interrupt 


P 


"In-Page" Operation Designator 



SYMBOL 


DESCRIPTION 


Pp 


Port Designator (p = 1, 2 or 4 - 7) 


PSW 


Program Status Word 


Rr 


Register Designator (r = 0, 1 or — 7) 


SP 


Stack Pointer 


T 


Timer 


TF 


Timer Flag 


T0.T1 


Testable Flags 0, 1 


X 


External RAM 


= 


Prefix for Immediate Data 


@ 


Prefix for Indirect Address 


$ 


Program Counter's Current Value 


(x) 


Contents of External RAM Location 


«x)| 


Contents of Memory Location Addressed 
by the Contents of External RAM Location. 


— 


Replaced By 
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PLASTIC 



PACKAGE OUTLINES 

MPD8049C 

jxPD8039LC 



ITEM 


MILLIMETERS 


INCHES 


A 


51 .5 MAX 


2.028 MAX 


B 


1 .62 MAX 


0.064 MAX 


C 


2.54 ± 0.1 


0.10 ±0.004 


D 


0.5 ±0.1 


0.019 ±0.004 


E 


48.26 ± 0.1 


1 .9 ± 0.004 


F 


1.2 MIN 


0.047 MIN 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.019 MIN 


I 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 TYP 


0.600 TYP 


L 


13.2 TYP 


0.520 TYP 


M 


n « +0.1 
0.25 

-0.05 


-0.002 




/XPD8049D 
MPD8039LD 



CERAMIC 



ITEM 


MILLIMETERS 


INCHES 


A 


51 .5 MAX 


2.03 MAX 


B 


1 .62 MAX 


0.06 MAX 


C 


2.54 ± 0.1 


0.1 ± 0.004 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


48.26 ± 0.1 


1 .9 ± 0.004 


F 


1.02 MIN 


0.04 MIN 


G 


3.2 MIN 


0.13 MIN 


H 


1.0 MIN 


0.04 MIN 


r 


3.5 MAX 


0.14 MAX 


J 


4.5 MAX 


0.18 MAX 


K 


15.24 TYP 


0.6 TYP 


I. 


14.93 TYP 


0.59 TYP 


M 


0.25 ± 0.05 


0.01 ± 0.0019 
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NEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



M PD80C49/ M PD80C39 

CMOS 8-BIT SINGLE-CHIP 
MICROCOMPUTER 



Description 

The NEC mPD80C49 is a true stand-alone 8-bit micro- 
computer fabricated with CMOS technology. The 
MPD80C49 contains all the functional blocks — 1K bytes 
ROM, 64 bytes RAM, 28 I/O lines, on-chip 8-bit Timer/ 
Event counter, on-chip clock generator — to enable its use 
in stand-alone applications. For designs requiring extra 
capability the iiPD80C49 can be expanded using industry 
standard /iPD8080A/MPD8085A peripherals and memory 
products. The nPD80C39 differs from the /iPD80C49 only 
in that the ^PD80C39 contains no internal program mem- 
ory (ROM). 

Compatible with the industry-standard 8049 and 8039, the 
CMOS-fabricated ^PD80C49 provides significant power 
consumption savings in applications requiring low power 
and portability. In addition to the power savings gained 
through CMOS technology, the NEC /iPD80C49 features 
Halt and Stop modes to further minimize power drain. 

Features 

□ 8-bit CPU, ROM, RAM, I/O in a single package 

□ Hardware/Software-compatible with industry standard 
8049, 8039 products 

□ 2K x 8 ROM 

□ 128 x 8 RAM 

□ 27 I/O lines 

□ 2.5 fis cycle time (6 MHz crystal) 
D All instructions 1 or 2 cycles 

□ 97 instructions: 70% single-byte 

□ Internal Timer/Event Counter 

□ Two Interrupts (External and Timer) 

□ Easily expandable memory and I/O 

□ Bus-compatible with 8080A/8085A peripherals 

□ Single 2.5 ~ 6.0V supply 

□ Available in 40-pin DIP and 52-pin flat pack 

□ Low-power Standby modes 

□ Halt Mode 

1 mA typical supply current 

Maintains internal logic values and control status 

Initiated by HALT instruction 

Released by External Interrupt or Reset 

□ Stop Mode 

1 ^iA typical supply current 

Disables internal clock generation and internal logic 

Maintains RAM 

Initiated via Hardware (V DD ) 

Released via Reset 

Piin Identification 





Pin 




No. 


Symbol 




1 


TO 


Testable Input using conditional transfer functions JT0 and 
JNT0. The internal State Clock (CLK) Is available to T using 
the ENTO CLK instruction. T can also be used during pro- 
gramming as a testable flag. 


2 


XTAL1 


One side of the crystal Input for external oscillator or fre- 
quency (non-TTL-compatlble V IH ). 





Pin 




No. 


Symbol 




3 


XTAL2 


The other side of the crystal input. 


4 


RESET 


Active low Input for processor initialization. RESET signal 
should be 5 machine cycles or longer. 


5 


sS 


Single step Input (active-low). SS with ALE allows the pro- 
cessor to "single-step" through each instruction In 
program memory. 


6 


INT 


Interrupt input (active-low). INT starts an interrupt If an 
enable instruction has been executed. A reset disables the 
interrupt. INT can be tested by issuing a conditional jump 
instruction. 


7 


EA 


External Access input (active-high). A logic "1 " at this input 
commands the processor to perform all program memory 
fetches from external memory. 


8 


RD 


Read strobe output (active-low). RD pulses low when the 
processor performs a Bus Read. RD also enables data onto 
the processor Bus from a peripheral device and functions 
as a Read Strobe for external Data Memory. 


9 


P§I>7 


Program Store Enable output (active-low). PSEN becomes 
actjve only during an external memory fetch. 


10 


wff 


Write strobe output (active-low). WR pulses low when the 
processor performs a Bus Write. WR can also function as a 
Write Strobe for external Data Memory. 


11 


ALE 


Address Latch Enable output (active high). Occurlng once 
each cycle, the falling edge of ALE latches the address for 
external memory or peripherals. ALE can also be used as a 
clock output. 



- D, BUS 8-bit, bidirectional port. Synchronous reads and writes can 
be performed on this port using RD and WR strobes. The 
contents of the D — D, Bus can be latched In a static mode. 
During an external memory fetch, the D — D, Bus holds the 
least significant bits of the program counter. PSEN controls 
the incoming addressed instruction. Also, for an external 
RAM data store instruction the D — D, Bus, controlled by 
ALE, RD and WR, contains address and data information. 



20 


Vss 


Processor's Ground potential. 


21—24, 
35 — 38 


P 2 „ — P 27 : 
PORT 2 


Port 2 Is the second of two 8-bit quasi-bidirectional ports. 
For external data memory fetches, the four most significant 
bits of the program counter are contelned in P x — P 23 . Bits 
P20 — Pza are also used as a 4-blt I/O bus for theMPD8243, 
Input/Output Expander. 


25 


PROG 


PROG is used as an output strobe for the ^PQ8243. 


26 


V 0D 


+ 5V during normal operation. V 0D is used in Stop Mode. By 
forcing V DD low during a reset, the processor enters Stop 
Mode- 


27 — 34 


P,o — P,,: 
PORT1 


Port 1 is one of two 8-blt quasi-bidirectional ports. 


39 


T1 


Testable Input using conditional transfer functions JT1 and 
JNT1 . T1 can be made the counter/timer Input using the 
STRT CNT instruction. 




Primary Power Supply. V c 



+ 2.5~6.0Volt. 



Pin Configuration 



T oC 




W 


40 


3 


TALI C 






39 


3 


TAL2C 








3 


1ESET L 


4 




3 7 


1 


SS c 


'J 






3 


INf C 


6 




3!. 


1 


EAC 


/ 






3 


RD C 




juPD 


33 


3 


PSEN C 




80C49/ 


37 


J 


WR C 


to 


80C39 


31 


J 


ALEC 








1 


DB„C 






>9 


J 


DB, C 


13 




?B 


J 


DB 2 C 






?! 


J 


DB lC 








3 


DB„C 








J 


DB 6 C 








3 


DB f C 






:>3 


3 


db 7 c 








3 


V SS<= 


20 






3 
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Block Diagram 



5IDENT PROGRAM MEMORY 

ROM/EPROM 

2048x8 



TEMPORARY 



ACCUMULATOR 



3ISTER/DECODER 



T ? I t I t -i- I ? — TT 

I INITIALIZE I CPU/MEMORY LATCH Pnn L AM c (Nn i F 1 1 

= RRUPT T SEPARATE I | STROBE mfmobT STEP ' ! 



STANDBY CONTROL 



REGISTER BANK 



\ MEMORY^- RAM 



Absolute Maximum Ratings 4 



T a = 25°C 


Operating Temperature 


-40°Cto +85°C 


Storage Temperature (Ceramic Package) 


-65°Cto +150°C 


Storage Temperature (Plastic Package) 


-65°Cto +150°C 


Voltage on Any Pin 


V ss - 0.3V to V cc + 0.3V 


Supply Voltage 


V ss -0.3to+10V 



* COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma- 
nent damage. The device is not meant to be operated 
under conditions outside the limits described in the opera- 
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



DC Characteristics 

T a = -40°Cto +85°C; V cc 



+5V ± 10%, V ss = OV 



© 





Symbc 




Limits 


Unit 




Parameter 


I Mfn 


TVP 


Max 


Test Conditions 


Input Low Voltage 

(All Except XTAL 1 , XTAL 2) 


V IL 


-0.3 




0.8 


V 




Input High Voltage 

(All Except XTAL 1 , XTAL 2, 

&ESET} 


v,„ 


Vcc- 2 




Vcc 


V 




Input High Voltage 
(RESET XTAL 1, XTAL 2) 


v,„, 


Vcc-1 




Vcc 


V 




Output Low Voltage 


Vol 






0.45 


V 


lc = 2.0 mA 


Output High Voltage (BUS, £5", 

wH,P5In,ale) 


V „ 


2.4 






V 


Ioh= -100nA 


Output High Voltage (All Other 
Outputs) © 


V H, 


2.4 






V 


Io„ = -5mA 


Output High Voltage 
(All Outputs) 


V 0H! 


Vcc-0.5 




V 


I„n = -0.2^A 


Input Current (Port 1 , Port 2) 


Iilp 




-15 


-40 


^A 


V IN * V IL 


Input Current (IS, RESET) 


I.LC 






-40 


MA 


V, N s V IL 


Input Leakage Current: 
(Tl.TrTT) 


-, L 






±1 


k a 


V ss < V IN < V cc 





Symbol 




Limits 






Parameter 


Mln 


TVP 


Max 


Unit Test Conditions 


Input Leakage Current 
(EA) 


•in 






±3 


^A V ss <V IN <Vcc 


Output Leakage Current 
(BUS, T„ — High Impedance 
State) 


l0L 






±1 


pA V SS <V IN <V CC 


Total Supply Current 


Ice 




4 


8 


mA T, = 25°C6MHz 


Halt Power Supply Current 


Ice, 




0.4 


0.8 


mA 6 MHz 


Stop Mode Supply Current 


Ice, 




1 


20 


(iA 6 MHz 



RAM Data Retention Voltage V CC DR 2.0 



Stop M ode (V DD , 
RESET «4V) or 



RESETS 0.4V 

AC Characteristics 

Read, Write and Instruction Fetch — External Data and 

Program Memory 

T a = -40°C to +85°C; V cc = V DD = +SV ± 10%; V ss = OV ® 





Symbi 




Umltt 


Unit 




Parameter 


>l Mfn 


Typ Max 


Conditions® 


ALE Pulse Width 


tn. 


400 




ns 




Address Setup before ALE 


W 


120 




ns 




Address Hold from ALE 


tLA 


80 




ns 




Control Pulse Width 
(PglN, RD, wfi) 


tec 


700 




ns 




Data Setup before WR 


tow 


500 




ns 




Data Hold after WR" 


t|»D 


120 




ns 


Cl = 20pF 


Cycle Time 


tcv 


2.5 


150 


/*• 




Data Hold 


tw 





200 


ns 




75ER,ffCtoDatain 


tRO 




500 


ns 




Address Setup before WR 


U* 


230 




ns 




Address Setup before Data In 


tm 




950 


ns 




Address Float toTO, PSEN 


W 







ns 




Control Pulse to ALE 


t C A 


10 




ns 





Notes: 



© For Control Outputs: C L = 80 pF 
For Bus Outputs: C L - 1 50 pF. 



For V rc = + 2.5V ~ 6.0V refer to 80C48 data sheet page 364. 
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AC Characteristics (Cont.) 

Port 2 Timing 

T. = -40°C to 85°C; V cc = +5V ± 10% 





Symb 




Limits 




Unit 


Test 


Parameter 


el Min 


Typ 


Ma* 


Conditions 


Port Control Setup before 
Falling Edge of PROG 


tcp 


110 






ns 




Port Control Hold after Falling 
Edge of PROG 


•PC 






80 


ns 




PROG to Time P2 Input must be 
Valid 


*PP, 






810 


ns 




Output Data Setup Time 


«bp 


250 






ns 




Output Data Hold Time 


tpo 


65 






ns 




Input Data Hold Time 


IPF 







150 


ns 




PROG Pulse Width 


tpp 


1200 






ns 




Port 2 I/O Data Setup 


«PL 


350 






ns 




Port 2 I/O Data Hold 


t L P 


150 






ns 





Timing Waveforms 



— m- >DR Ua — 
= LOATING^^ ^ j{ FLOATING ^/ . ^/ FLOATING S^ 



1_ 



—•-J 'RD 



INSTRUCTION 



Instruction Fetch From External Memory 



-*- 'LL-H 



5.LE > 



J L 



— »J 'AFC -■ — 



■DR^"- 



LOATfNG^O,DDRESS^^ FLOATING ^^ DATA jf FLOATING 

-»-j <RC 



Read From External Data Memory 



_r 



i_ 



FLOATING^fADDRESS^^ FLOATING Nq DATA NQ FLOATING 



Write to External Memory 



rMODE (WHEN Ell 



M PD80C49/80C39 



~L 



X 



INSTR X INT EXECUTE 



; ..juui_iui\_.juirL_ nnjL„._jirui 



HALT MODE- 



2) STOP MODE 



jitl.jijw 



OSC STARTS 



i^rLnnJinnJl...JL 



Low Power Standby Operation 



EXPANDE 

PORT 

OUTPUT 



\S PCH \^PORT2 . 



EXPANDER 

PORT 

OUTPUT 




" ^ PCH ^ >< <ORT 2Q.3 DAT a|>< ' [™% Q , 



Port 2 Timing 



Features 

The NEC /iPD80C49/jiPD80C39 contains all the functional 
features of the industry standard 8049/8039. The power 
down mode of the hPD8048 is replaced with two additional 
power standby features for added power savings. Depend- 
ing on desired power consumption savings and internal 
logic status maintenance, Halt mode or Stop mode may 
be used. 
Halt Mode 

The nPD80C49/80C39 includes a Halt instruction (01 H) — 
an addition to the standard 8049 instruction set. Upon exe- 
cution of the Halt instruction, the jiPD80C49 enters a Halt 
mode where the internal clocks and internal logic are dis- 
abled. The oscillator, however, continues its operation. The 
state of all internal logic values and control status prior to 
the halt state is maintained. Under Halt mode, power con- 
sumption is less than 10% of normal fiPD80C49 operation, 
and 1% of 8049 operation. 
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Halt mode is released through either of two methods: an 
active input on the INT line or a reset operation. Under the 
Interrupt Release mode, if interrupts are enabled (El 
Mode), the INT input restarts the internal clocks to the inter- 
nal logic. The nPD80C49 then executes the instruction 
immediately following the Halt instruction, before branch- 
ing to the interrupt service routine. 

If interrupts are disabled (Dl Mode), an INT active signal 
causes the program operation to resume, beginning from 
the next sequential address after the Halt instruction. 
A RESET input causes the normal reset function which 
starts the program at address OH. 

Note: The V cc range under Halt mode must be maintained 
at normal operation voltage. 

Stop Mode 

Stop mode provides additional power consumption savings 
over the Halt mode of operation. St op mode is initiated by 
forcing V DD to the low state during a RESET low. While in 
Stop mode, oscillator operation is discontinued and only 
the contents of RAM are maintained. 
The mPD80C49 is r eleased f rom Stop mode when V DD is 
forced high during a RESET low. Clock generation i sthen 
restarted. When oscillator stabilization is achieved, RESET 
is pulled high and the program is restarted from location 0. 
To ensure reliable Stop mode operation^y^ must be 
brought back up before releasing the RESET pin. The 
V DD pin must be protected against noise conditions since 
it controls oscillator operation. In the Stop mode, V cc 
may be dropped a s low as 2.0 volts to ensure RAM data 
retention (V CC DR). RESET must be held low after oscilla- 
tion stops until the oscillator is restarted. 



OSCILLATOR STOPS OSCILLATOR RESTARTS 



Logic Symbol 



Y 



V D D 



\ 



/ 



/ 



mPD 

80C49/ 
80C39 



PORT .1 


PORT -2 


READ 


WRITE 


PROGRAM STORE 


ENABLE 


ADDRESS LATCH 


ENABLE 


PORT EXPANDER 


STROBE 



Symbol Definitions: 



5TV1ACHINE CYCLES MIN OSCILLATION STABILIZATION TIME 

Stop Mode Timing 



Symbol 


Description 


A 


Accumulator 


AC 


Auxiliary Carry Flag 


addr 


Program Memory Address (1 2 bits) 


Bb 


Bit Designator (b = — 7) 


BS 


Bank Switch 


Bus 


Bus Port 


C 


Carry Flag 


CLK 


Clock Signal 


CNT 


Event Counter 


D 


Nibble Designator (4 bits) 


data 


Number or Expression (8 bits) 


DBF 


Memory Bank Fllp-Flop 


F„,F, 


Flags 0, 1 


1 Interrupt 


P 


"In-Page" Operation Designator 


P» 


Port Designator (p = 1 , 2 or 4 — 7) 


PSW 


Program Status Word 


Rr 


Register Designator (r = 0, 1 or — 7) 


SP 


Stack Pointer 


T 


Timer 


TF 


Timer Flag 


T0.T1 


Testable Flags 0, 1 


X 


External RAM 


= 


Prefix for Immediate Data 


@ 


Prefix for Indirect Address 


S 


Program Counter's Current Value 


00 


Contents of External RAM Location 


«x» 


Contents of Memory Location Addressed 
by the Contents of External RAM Location. 


- 


Replaced By 
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Instruction Set 





Function 


Description 






instruction Coda 






Cyclei 


Flags 


Mnemonic 


D, 


D, 


D. 


D 4 


o 3 


o 2 


D, 


D 


I Bytes C AC 


FO F1 


Accumulator 


ADD, A = data (A) «- (A) + data 


Add Immediate the specified Data to the 
Accumulator. 



d, 



d, 



d, 



d, 



d, 




4 


1 
d, 


d> 


2 


2 




AddA, Rr 


(A)^(A) + (Rr) 
for r= 0-7 


Add contents of designated register to 
the Accumulator. 





1 


1 





1 


r 


r 










ADDA,@Rr 


(A)<-(A) + ((Rr)) 
forr=0-1 


Add Indirect the contents of the data 
memory location to the Accumulator. 





1 


1 






















ADDCA, = 
data 


(A)<-(A) + (C) + data 


Add immediate with carry the specified 
data to the Accumulator. 



d 7 



d. 



d, 


1 

d, 




da 





1 
d, 


4 




2 




ADDC A, Rr 


(A)^(A) + (C) + (Rr) 
forr=0-7 


Add with carry the contents of the 
designated register to the Accumulator.' 





1 


1 


1 


1 


r 


r 










ADDCA,@Rr (A)<-(A) + (C) + ((Rr» 
forr=0-1 


Add Indirect with carry the contents of 
data memory location to the 
Accumulator. 





1 


1 


1 



















ANLA, = dat( 


(A) <- (A) AND data 


Logical AND specified Immediate Data 
with Accumulator. 




d, 


1 
d. 





i 
d, 




d. 



<L 


1 

d, 


do 








ANLA.Rr 


(A)^-(A)AND(Rr) 
for r = - 7 


Logical AND contents of designated 
register with Accumulator. 





1 





1 


1 


r 


r 










ANLA,@Rr 


(A)«-(A)AND«Rr)) 
forr=0-1 


Logical AND Indirect the contents of data 
memory with Accumulator. 





1 





1 



















CPLA 


(A)«-NOT(A) 


Complement the contents of the 
Accumulator. 








1 


1 





1 


1 










CLRA 


(A)^Q 


Clear the contents of the Accumulator. 








1 


.-». P 





1 


1 










DA A 




Decimal Adjust the contents of the 
Accumulator. 





1 





1 





1 


1 






1 




DEC A 


(A)-(A)1 


Decrement by 1 the Accumulator's 
contents. 

















1 


1 










INC A 


(A)^(A)+1 


Increment by 1 the Accumulator's 
contents. 











1 





1 


1 










ORLA, = dat« 


(A) «- (A) OR data 


Logical OR specified immediate data 
with Accumulator. 



d, 


1 



d. 




d* 






d* 


1 
d, 


do 








ORLA.Rr 


<A)<-(A)OR(Rr) 
forr=0-7 


Logical OR contents of designated 
register with Accumulator. 





1 








i 


r 


r 










ORLA,@Rr 


(A)<-(A)OR«Rr)) 
forr=0-1 


Logical OR Indirect the contents of data 
memory location with Accumulator. 





1 

























RLA 


(AN+ 1)<-(AN) 
<*,)<-<*) 
forN = 0-6 


Rotate Accumulator left by 1 bit without 
carry. 


1 


1 


1 








1 


1 










RLCA 


(AN+1)«-(AN);N = 0-6 

(Ao)^-(C) 

(C)^(A,) 


Rotate Accumulator left by 1 bit through 
carry. 


1 


1 


1 


1 





1 


1 


- 








RRA 


(AN)<-(AN+1),N = 0-6 
(A,)«-<A„) 


Rotate Accumulator right by 1 bit 
without carry. 





1 


f 


1 





1 


1 










RRCA 


(AN)<-(AN + 1);N = 0-6 

(A,)<-(C) 

(C)^(A„) 


Rotate Accumulator right by 1 bit 
through carry. 





1 


1 








1 


1 






1 * 




SWAP A 


<A,. 7 )**(A„-3) 


Swap the two 4-bH nibbles In the 
Accumulator. 





1 











1 


1 










XRLA, = data 


(A) <- (A) XOR data 


Logical XOR specified immediate data 
with Accumulator. 


1 

d, 


1 

d, 




d, 


1 

<L 




d, 



d, 


1 
d, 


do 








XRLA.Rr 


(Al^(A)XOR(Rr) 
forr=0-7 


Logical XOR contents of designated 
register with Accumulator. 


1 


1 





1 


1 


r 


r 










XRLA,@Rr 


(A)^(A)XOR((Rr)) 
forr = 0-1 


Logical XOR indirect the contents of data 
memory location with Accumulator. 


1 


1 





1 



















Branch 


DJNZRr.addr 


(Rr)«-(Rr)-1;r = 0-7 

lf(Rr)^0 

(PC0-7)«-addr 


Decrement the specified register and 
test contents. 


1 

a. 


1 

a, 


1 

a. 




■a, 


1 

s. 


r 

a, 


r 

a, 


So 


2 


2 




JBbaddr 


(PC0-7)<-addrlfBb=1 
(PC)-(PC) + 2ifBb = 


Jump to specified address if 
Accumulator bit Is set. 


b, 

a. 


b, 

a. 


bo 


1 

a. 




a, 





1 

a, 




So 


2 


2 




JCaddr 


(PC0-7)<-addrlfC=1 
(PC)<-(PC) + 2lfC = 


Jump to specified address if carry flag 
is set. 


1 

a, 


1 

a. 


1 
a. 


1 
a, 





1 


1 

a, 




•o 


2 


2 




JFOaddr 


(PC0-7)«-addrifFO=1 
(PC)«-(PC) + 2lfFO = 


Jump to specified address If Flag F Is 
set. 


1 




a. 


1 

a, 


i 

a, 




a, 


1 
a. 


1 

a, 




Bo 


2 


2 




JF 1 addr 


(PC0-7)«-addrlfF1 = 1 
(PC)«-(PC) + 2HF1 = 


Jump to specified address If Flag F 1 1s 
set. 





1 
a. 


1 


1 
a, 





1 


1 

a, 




•o 


2 


2 




JMPaddr 


(PC8-10)<-addr8- 10 
(PC0-7)«-addr0-7 
(PC 11) <-DBF 


Direct Jump to specified address within 
the 2K address block. 


°10 

a, 


a, 

a. 


a. 

a. 




a, 




a, 


1 







■o 


2 


2 




JMPP@A 


(PC0 7)^((A» 


Jump Indirect to specified address 
with address page. 


1 





1 


1 








1 


1 


2 


1 




JNCaddr 


(PCO 7)<-addrlfC = 
(PC)<-(PC) + 2lfC=1 


Jump to specified address if carry flag Is 
low. 


1 
a, 


1 

a, 


1 
a« 




«4 




4 


1 
a? 


i 

a, 





2 


2 




JNIaddr 


(PCO 7)<-addrlfl = 
(PC) «- (PC) + 2 If 1.-1 


Jump to specified address if Interrupt 
le low. 


1 

a, 



a, 







a, 




4> 


1 

a, 


1 

a, 




*0 


2 


2 






385 



M PD80C49/80C39 

Instruction Set (Cont.) 





Function 


Doacrlptlon 






Instruction Code 






Cycles 


Flag. 


Mnemonic 


D, 


D, 


■>> 


D, 


D 3 


D 2 


D< 


D, 


Bytes C AC 


FO F1 


Branch (Cent.) 


JNTOaddr 


(PCO-7) — addrlfT0 = « 
(PC) - (PC) +2 if TO =1 


Jump to specified address If Teat Is low. 




a, 




a. 


1 
as 




a, 




a. 


1 

a? 


1 

a, 




ao 


2 


2 




JNT1 addr 


(PCO-7)-addrlfT1 = 
(PC)- <PC)+2lfT1 = 1 


Jump to speclfiod address If Test 1 1s low. 




«7 


1 
a. 



a* 




a. 




a> 


1 

a? 


1 

a, 




Bo 


2 


2 




JNZaddr 


(PC0-7)— addrtfA-0 
(PC) — (PC) + 2lfA = 


Jump to specified addres if Accumulator 
la non-zero. 


1 
«7 




a. 



as 


1 

a, 




aj 


1 

a: 


1 

a, 




a» 


2 


2 




JTFaddr 


(PC0-7)— addrlfTF=1 
(PC) — (PC) + 2ifTF=0 


Jump to specified address If Timer Flag 
Issettol. 




a. 



a> 




as 


1 

a, 





1 

a? 


1 

a. 




*> 


2 


2 




JTOaddr 


(PCO-7) — addr if TO-* 1 
(PC) — (PC) + 2 If TO = 


Jump to specified address if Test Is a 1 . 




«7 




a, 


1 
a, 


1 

a. 





1 

as 


1 

a, 





2 


2 




JTIaddr 


(PCO-7) — addr If T1 = 1 
(PC)-(PC)-2ifT1 = 


Jump to specified address if Test 1 1s a 1 . 




«7 


1 
a. 



a, 


1 

a, 




«3 


1 

a> 


1 

a, 




«0 


2 


2 




JZaddr 


(PCO-7)-addrlfA=o 
(PC) — (PC) + 2lfA = 


Jump to specified address If Accumulator 

ISO. 


1 


1 

a. 




a» 



a, 





1 

a! 


1 

a, 




Bo 


2 


2 




Control 


ENI 




Enable the External Interrupt Input. 

















1 







1 


1 




DISI 




Disable the External Interrupt input. 











1 





1 







1 


1 




ENTOCLK 




Enable the Clock Output pin TO. 





1 


1 


1 





1 







1 


1 




SEL MBO 


(DBF)-0 


Select Bank (locations - 2047) of 
Program Memory. 


1 


1 


1 








1 







1 


1 




SELMB1 


(DBF) - 1 


Select Bank 1 (locations 2048 - 4095) of 
Program Memory. 


1 


1 


1 


1 





1 







1 


1 




SEL RBO 


(BS)-O 


Select Bank (locations o - 7) of Data 
Memory. 


1 


1 











1 







1 


1 




SELRB1 


(BS)-1 


Select Bank 1 (locations 24-31) of 
Data Memory. 


1 


1 





1 





1 







1 


1 




HALT 




Initiate Halt State. 

























1 


1 




Data Moves 


MOV A, = data (A) — data 


Move Immediato the specified data into 
the Accumulator. 



d, 




d, 


1 
d, 



d. 



d, 




d, 


1 

d, 


4 


2 


2 




MOV A, Rr 


(A)-(Rr);r = 0-7 


Move the contents of the designated 
registers Into the Accumulator. 




1 


1 


1 


1 


r 


r 




1 


1 




MOVA,@Rr 


(A)-«Rr));r=0-1 


Move Indirect the contents of data 
memory location into the Accumulator. 




1 


1 


1 













1 


1 




MOV A, PSW 


(A) -(PSW) 


Move contents of the Program Status 
Word Into the Accumulator. 




1 











1 


1 




1 


1 




MOV Rr, - 
data 


(Rr) — data; r = 0-7 


Move Immediato the specified data Into 
the designated register. 


d, 



d. 


1 
d. 


1 
d. 


1 
4. 


r 
d, 


r 
d, 


do 


2 


2 




MOV Rr, A 


(Rr)-(A);r = 0-7 


Move Accumulator Contents Into the 
designated register. 







1 





1 


r 


r 




1 


1 




MOV@Rr,A 


«Rr))-<A),r = 0-1 


Move Indirect Accumulator Contents 
into data memory location. 







1 
















1 


1 




MOV@Rr,= 
data 


((Rr)) — data; r = 0-1 


Move Immediate the specified data into 
data memory. 


d, 



d. 


1 
d, 


1 
d, 




ds 



d. 




d, 


do 


2 


2 




MOV PSW, A 


(PSW) -(A) 


Move contents of Accumulator into the 
program status word. 




1 





1 





1 


1 




1 


1 




MOVPA,@A 


(PC 0-7) -(A) 
(A)-((PQ) 


Move data in the current page Into the 
Accumulator. 







1 











1 




2 


1 




MOVP3 A, 

@A 


(PC0-7)-(A) 
(PCB -10) — 011 
(A)-«PC» 


Move Program data In Page 3 Into the 
Accumulator. 




1 


1 











1 




2 


1 




MOVXA,@R 


(A)-((Rr));r = 0-1 


Move Indirect the contents of external 
data memory Into the Accumulator. 
























2 


1 




MOVX@R,A 


«Rr))-(A),r = 0-1 


Move Indirect the contents of the 
Accumulator Into external data memory. 










1 













2 


1 




XCH A, Rr 


(A)^(Rr);r=0-7 


Exchange the Accumulator and 
designated register's contents. 








1 





1 


r 


r 




1 


1 




XCHA,@Rr 


(A)-((Rr));r = 0-1 


Exchange Indirect contents of Accumu- 
lator and location in data memory. 








1 
















1 


1 




XCHDA,@Rr 


(A0-3)**«Rr))0-3)); 
r = 0-1 


Exchange Indirect 4 bit contents of 
Accumulator and data memory. 








1 


1 













1 


1 




Flags 


CPLC 


(C)-NOT(C) 


Complement carry bit. 







1 










1 




1 


1 




CPLFO 


(FO) — NOT(FO) 


Complement Flag F0. 










1 












1 


1 


• 


CPLF1 


(F1)-NOT(F1) 


Complement of Flag F 1 . 







1 


1 












1 


1 




CLRC 


(C)-0 


Clear carry bit too. 










1 







1 




1 


1 




CLRFO 


(FO)-O 


Clear Flag toO. 























1 


1 


• 


CLRF1 


(F1)-0 


Clear Flag 1 too. 







1 















1 


1 


• 
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Instruction Set (Cont.) 





Function 


Description 






Instruction Code 








Flags 


Mnemonic 


Dr 


D, 


D 5 


o. 


D 3 


D, 


D, 


Do 


Cycles Bytes C 


AC FO F1 


Input/Output 


ANL BUS, = 
data 


(BUS) «- (BUS) AND data 


Logical AND Immediate specified data 
with contents of Bus. 


1 
dr 




d. 




4> 


1 
d. 


1 
d, 




d* 



d, 



do 


2 2 




ANL P„, = 
data 


(Pp)-(P„) AND data 
p = 1-2 


Logical AND Immediate specified data 
with designated port (1 or 2). 


1 




4, 



d, 


1 
d. 


1 
d, 





P 
d, 


P 
4 


2 2 




ANLD P„, A 


(P„)<-(P„)AND(A0-3) 
p = 4-7 


Logical AND contents of Accumulator wltti 
designated port (4 - 7). 


1 








1 


1 


1 


P 


P 


2 1 




IN A, P 


(A)^(P„),p=1-2 


Input data from designated port (1 - 2) 
into Accumulator. 














1 





P 


P 


2 1 




INS A, BUS 


(A)«-(BUS) 


Input strobed Bus data Into Accumulator. 














1 











2 1 




MOVDA.P, 


(A0-3)«-(Pp);p = 4-7 
(A4-7)*-0 


Move contents of designated port (4 - 7) 
Into Accumulator. 














1 


1 


P 


P 


2 1 




MOVDP p ,A 


(P„) — A0-3;p = 4-7 


Move contents of Accumulator 
designated port (4 - 7). 





1 


1 


1 


1 


p 


P 


1 


1 




ORLBUS,= 
data 


(BUS) — (BUS) OR data 


Logical OR Immediate specified data with 
contents of Bus. 


1 
d, 



d, 






d, 


1 

da 



d. 




d, 



do 


2 2 




ORLDP p ,A 


(P„)«-(P„)OR(A0-3) 
P = 4-7 


Logical OR contents of Accumulator with 
designated port (4 - 7). 


1 











1 


1 


P 


P 


1 1 




ORLP B ,= 
data 


(P„) — (P„)ORdata 
p=1-2 


Logical OR Immediate specified data with 
designated port (1 - 2). 


1 
d, 


d, 



d, 



cL 


f 
d. 




d, 


P 

d, 


P 

do 


2 2 




OUTLBUS.A 


(BUS) -(A) 


Output contents of Accumulator onto 
Bus. 




















1 





1 1 




OUTLPp.A 


<P )*-(A);p=1-2 


Output contents of Accumulator to 
designated port (1-2). 








1 


1 


1 





P 


p 


1 1 




Registers ^ 


DECRr(Rr) 


(nr)<-(Rr) 1;r=0-7 


Decrement by 1 contents of designated 
register. 


1 


1 








1 


r 


r 


r 


1 1 




INCRr 


(Rr)«-(Rr)+ 1,r=0-7 


Increment by 1 contents of designated 
register. 











1 


1 


r 


r 


r 


1 1 




INC@R 


((Rr))^((Rr))+1; 
r = 0-1 


Increment Indirect by 1 the contents of 
data memory location. 











1 











r 


1 1 




Subroutine 


Call addr 


«SP))<-(PC),(PSW4-7) 


Call designated Subroutine. 


a, 


a. 


«p 


1 





1 








2 2 






(SP)«-(SP)+1 
(PC8-10)«-addr8-10 
(PC0-7)<-addr0-7 
(PC11)<-DBF 




a, 


a. 


•» 


a, 


»j 


a. 


a, 


a» 






RET 


(SP)*-(SP) 1 
<PC)-((SP)) 


Return from Subroutine without 
restoring Program Status Word. 


1 

















1 


1 


2 1 




RETR 


(SP)«-(SP) 1 
(PC)^((SP» 
(PSW4-7)«-((SP)) 


Return from Subroutine restoring 
Program Status Word. 


1 








1 








1 


1 


2 1 




Timer/Counter 


ENTCNTI 




Enable Internal interrupt Flag for 
Timer/Counter output. 








1 








1 





1 


1 1 




DISTCNTI 




Disable Internal interrupt Flag for 
Timer/Counter output. 








1 


1 





1 





1 


1 1 




MOVA.T 


(A)^(T) 


Move contents of Timer/Counter into 
Accumulator. 





1 














1 





1 1 




MOVT.A 


<T)<-(A) 


Move contents of Accumulator into 
Timer/Counter. 





1 


1 











1 





1 1 




STOPTCNT 




Stop Count for Event Counter. 





1 


1 








1 





1 


1 1 




STRTCNT 




Start Count for Event Counter. 





1 











1 





1 


1 1 




STRTT 




Start Counter for Timer. 





1 





1 





1 





1 


1 1 




Miscellaneous 


NOP 




No Operation performed. 


























1 1 






Notes: 

® Instruction Code Designations r and p form the binary representation of the Registers and Ports involved. 

(D The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appears in. 

© References to the address and data are specified in bytes 2 and/or 1 of the instruction. 

© Numerical Subscripts appearing in the FUNCTION column reference the specific bits affected. 
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Package Outlines 

MPD60C49C 

MTO60C39C 



MPDB0C49D 
MPD80C39D 



Ham 


Millimatara 


Inehaa 


A 


51 .5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 ± 0.1 


0.10 ± 0.004 





0.5 ± 0.1 


0.018 ± 0.004 


E 


48.25 


1.8 


F 


1.5 MIN 


0.058 MIN 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.018 MIN 


1 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 MAX 


L 


13.2 MAX 


0.520 MAX 



Ham 


Mllllmatara 


Ineha* 


A 


51 .5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 ± 0.1 


0.100 ± 0.004 


D 


0.50 ± 0.1 


0.0187 ± 0.004 


E 


48.26 ± 0.2 


1.800 ± 0.008 


F 


1.27 


0.050 


O 


3.2 MIN 


0.126 MIN 


H 


1.0 MIN 


0.04 MIN 


1 


4.2 MAX 


0.17 MAX 


J 


5.2 MAX 


0.205 MAX 


K 


15.24 ±0.1 


0.6 ± 0.004 


L 


+ 0.2 
13.5 

-0.25 


+ 0.008 
0.531 

- 0.010 



0.01 2 ±0.004 




3n ii iijj k iijjj mjm K f^^ZX 
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SEC 

NEC Electronics U.S. A. Inc. 

Microcomputer Division 



MICROCOMPUTERS 



MICROPROCESSORS E* 




SEC 

NEC Electronics U.S. A. Inc. 

Microcomputer Division 



/iPD780 
//PD780-1 



DESCRIPTION 



FEATURES 



PIN CONFIGURATION 



8-BIT N-CHANNEL MICROPROCESSOR 
COMPLETELY Z80™ COMPATIBLE 

The £/PD780 and ^PD780-1 processors are single-chipmicroprocessors developed from 
third-generation technology Their increased computational power produces higher 
system throughput and more efficient memory utilization, surpassing that of any 
second-generation microprocessor. The single voltage requirement of the AiPD780 and 
//PD780-1 processors makes it easy to implement them into a system. All output sig- 
nals are fully decoded and timed to either standard memory or peripheral circuits. An 
N-channel, ion-implanted, silicongate MOS process is utilized in implementing the 
circuit. 

The block diagram shows the functions of the processor and details the internal register 
structure. The structure contains 26 bytes of Read/Write (RAW) memory available to 
the programmer. Included in the registers are two sets of six general purpose registers, 
which may be used individually as 8-bit registers, or as 16-bit register pairs. Also 
included are two sets of accumulator and flag registers. 

Through a group of exchange instructions the programmer has access to either set of 
main or alternate registers. The alternate register permits foreground/background mode 
of operation, or may be used for fast interrupt response. A 16-bit stack pointer is also 
included in each processor, simplifying implementation of multiple level interrupts, 
permitting unlimited subroutine nesting, and simplifying many types of data handling. 

The two 16-bit index registers simplify implementation of relocatable code and manipu- 
lation of tabular data. The refresh register automatically refreshes external dynamic 
memories. A powerful interrupt response mode uses the I register to form the 
upper 8 bits of a pointer to an interrupt service address table, while the interrupting 
apparatus supplies the lower 8 bits of the pointer. An indirect call will then be made to 
service this address. 

• Single Chip, N-Channel Silicon Gate Processor 

• 158 Instructions — Including all 78 of the 8080A Instructions, Permitting Total 
Software Compatibility 

• New 4-, 8-, and 16-Bit Operations Featuring Useful Addressing Modes such as 
Indexed, Bit and Relative 

• 17 Internal Registers 

• Three Modes of Rapid Interrupt Response, and One Non-Maskable Interrupt 

• Directly Connects Standard Speed Dynamic or Static Memories, with Minimum 
Support Circuitry 

• Single-Phase +5 Volt Clock and 5 VDC Supply 

• TTL Compatibility 

• Automatic Dynamic RAM Refresh Circuitry 

• Available in Plastic Package 




TM:Z80 is a registered trademark of Zilog, Inc. 



A11C 


1 


\^r- 


40 


3 a 10 


A12C 


2 




39 


3 Ag 


A13C 


3 




38 


H A8 


A14C 


4 




37 


:a 7 


A15C 


5 




36 


3 A 6 


*c 


6 




35 


DA5 


D4C 


7 




34 


3 A 4 


D3C 


8 




33 


3 a 3 


D5C 


9 




32' 


3 A 2 


D 6 C 


10 


fiPD 


31 


IJAl 


+5V C 


11 


780/ 


30 


3 A o 


D 2 tZ 


12 


780 1 


29 


3 GND 


D7C 


13 




28 


U RFSH 


D C 


14 




27 


:mi 


DlC 


15 




26 


3 RESET 


intC 


16 




25 


3 BUSRQ 


NMI C. 


17 




24 


3 WAIT 


HALTC 


18 




23 


3 BUSAK 


MREQC 


19 




22 


3 WR 


IORQC 


20 




21 


3 RD 
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BLOCK DIAGRAM 



8-BIT 
DATA BUS 





PROCESSOR 




PROCESSOR Bus 


CONTROL 


CONTROL CONTROL 




INSTRUCTION DECODE 

AND 
PROCESSOR CONTROL 



INSTRUCTION 
REGISTER 



MAIN REGISTER SET 



ALTERNATE REGISTER SET 





ACCUMULATOR 
A 


FLAGS 

F 


ACCUMULATOR 
A' 


FLAGS 

F' 






B 


C 


B" 


C 


ADDRESS 
CONTROL 




D 


E 


D' 


E' 


H 


L 


H' 


L' 










INTERRUPT VECTOR I 


MEMORY REFRESH R 








INDEX REGISTER 


IX 




' 


INDEX REGISTER 


IY 


' 


STACK POINTER 


SP 


16-BIT 


PROGRAM COUNTER 


PC 


ADDRESS BUS 













SPECIAL PURPOSE REGISTERS 



PIN 


FUNCTION 


NO. 


SYMBOL 


NAME 


1-5, 
30-40 


A0-A15 


Address Bus 


3-State Output, active high. Pins Aq.-Ai 5 constitute a 
16-bit address bus, which provides the address for 
memory and I/O device data exchanges. Memory 
capacity 65,536 bytes. Arj-Ag is also needed as 
refresh cycle. 


7-10, 
12-15 


D0-D7 


Data Bus 


3-State input/output, active high. Pins D0-D7 compose 
an 8-bit, bidirectional data bus, used for data exchanges 
with memory and I/O devices. 


27 


Mi 


Machine Cycle 
One 


Output, active low. Mi indicates that the machine cycle 
in operation is the op code fetch cycle of an instruction 
execution. 


19 




Memory Request 




MREQ 


3-State output, active low. MREQ indicates that a valid 
address for a memory read or write operation is held in 
the address. 


20 


IORQ 


Input/Output 
Request 


3-State output, active low. The I/O request 
signal indicates that the lower half of the address bus 
holds a valid address for an I/O read or write operation. 
The IORQ signal is also used to acknowledge an 
interrupt command, indicating that an interrupt 
response vector can be placed on the data bus. 


21 


RD 


Read 


3-State output, active low. RD indicates that the 
processor is requesting data from memory or an 
I/O device. The memory or I/O device being addressed 
should use this signal to gate data onto the data bus. 



PIN IDENTIFICATION 
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PIN IDENTIFICATION 
(CONT.) 



MPD780 



PIN 




NO. 


SYMBOL 


NAME 


FUNCTION 


22 


WR 


Write 


3-State output, active low. The memory write signal 
indicates that the processor data bus is holding valid 
data to be stored in the addressed, memory or I/O 
device. 


28 


RFSH 


Refresh 




Output, active low. RFSH indicates that a refresh 
address for dynamic memories is being held in the 
lower 7-bits of the address bus. The MREQ signal 
should be used to implement a refresh read to all 
dynamic memories. 


18 


HALT 


Halt State 




Output, active low. HALT indicates that the processor 
has executed a HALT software instruction, and will 
not resume operation until either a non-maskable or a 
maskable (with mask enabled) interrupt has been 
implemented. The processor will execute NOP's while 
halted, to maintain memory refresh activity. 


24 




Wait 




WAIT 


Input, active low. WAIT indicates to the processor 
that the memory or I/O devices being addressed are 
not ready for a data transfer. As long as this signal is 
active, the processor will reenter wait states. 


16 


Tnt 


Interrupt Request 


Input, active low. The INT signal is produced by I/O 
devices. The request will be honored upon completion 
of the current instruction, if the interrupt enable 
flip-flop (IFF) is enabled by the internal software. 
There are three modes of interrupt response. 
Mode is identical to 8080 interrupt response mode. 
The Mode 1 response is a restart location at 0038h- 
Mode 2 is for simple vectoring to an interrupt service 
routine anywhere in memory. 


17 


nmT 


Non-Maskable 
Interrupt 


Input, active low. The non-maskable interrupt has a 
higher priority than INT. It is always acknowledged at 
the end of the current instruction, regardless of the 
status of the interrupt enable flip-flop. When the NMI 
signal is given, the /uPD780 processor automatically 
restarts to location 0066 h- 


26 




Reset 




RESET 


Input, active low. The RESET signal causes the 
processor to reset the interrupt enable flip-flop (IFF), 
clear PC and I and R registers, and set interrupt to 
8080A mode. During the reset time, the address bus 
and data bus go to a state of high impedance, and all 
control output signals become inactive, after which 
processing continues at 0000H. 


25 




Bus Request 




BUSRQ 


Input, active low. BUSRQ has a higher priority than 
NMI, and is always honored at the end of the current 
machine cycle. It is used to allow other devices to 
take control over the processor address bus, data bus 
signals; by requesting that they go to a state of high 
impedance. 


23 




Bus Acknowledge 




BUSAK 


Output, active low. BUSAK is used to inform the 
requesting device that the processor address bus, 
data bus and 3-state control bus signals have entered 
a state of high impedance, and the external device can 
now take control of these signals. 



El 
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Operating Temperature 0°C to +70° C ABSOLUTE MAXIMUM 

Storage Temperature , -65°C to +150°C RATINGS* 

Voltage on any Pin -0.3 to +7 Volts (D 

Power Dissipation 1.5W 

Note: With Respect to Ground. 

T a = 25°C 

♦COMMENT: Stress above those listed under "Absolute, Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



T a = 0°C to +70° C; Vcc 


• +5V ± 5% unless otherwise specified. 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Clock Input Low Voltage 


V|LC 


-0.3 




0.45 


V 




Clock Input High Voltage 


V IHC 


Vcc-06 




Vcc+0-3 


V 




Input Low Voltage 


Vil 


-0.3 




0.8 


V 




Input High Voltage 


V|H 


2.0 




vcc 


V 




Output Low Voltage 


vol 






0.4 


V 


lOL " 1 - 8 mA 


Output High Voltage 


voh 


2.4 






V 


lOH " -250 uA 


Power Supply Current 


juPD780 


ice 






150 


mA 


t c - 400 ns 


MPD780-1 


'cc 




90 


200 


mA 


t c - 250 ns 


Input Leakage Current 


'LI 






10 


ma 


V| N - to Vcc 


Tri -State Output Leakage Current in Float 


iloh 






10 


ma 


v OUT " 2.4 to Vcc 


Tri-State Output Leakage Current in Float 


'lol 






-10 


m a 


V UT " 0.4 V 


Data Bus Leakage Current in Input Mode 


'LD 






±10 


ma 


< V| N < v C c 



DC CHARACTERISTICS 



T a = 25 C 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Clock Capacitance 


c 






35 


pF 


f c = 1 MHz 
Unmeasured Pins 
Returned to Ground 


Input Capacitance 


C IN 






5 


pF 


Output Capacitance 


c OUT 






10 


pF 



CAPACITANCE 
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AC CHARACTERISTICS T » " °° C t0 +70 ° C '' V CC " + 5V ± 5 %. unle »» otherwise specified. 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


tiPD780 


/iPD780 1 


MIN 


MAX 


MIN 


MAX 


Clock Period 


'c 


0.4 


® 


0.25 


© 


us 




Clock Pulse Width. Clock High 


l w (.l-M) 


180 





110 





ns 


Clock Pulse Width, Clock Low 


l w I'LL) 


180 


2000 


110 


2000 


ns 


Clock Rise and Fall Time 


1,1 




30 




30 


ns 


Address Output Delay 


IDIADI 




145 




110 


ns 


C L 50 pF 


Delay to Float 


'FIADI 




110 




90 


ns 


Address Stable Prior loMREO (Memory Cycle! 


'acm 


© 




© 




ns 


Address Stable Prior to IORQ, RD or WR (I/O Cycle) 


•aci 


© 




© 




ns 


Address Stable from RD or WR 


'ca 


© 




© 




ns 


Address Stable from RD or WR During Float 


■caf 


© 




© 




ns 


Data Output Delay 


'0(DI 




230 




150 


ns 


C L - 200 pF 


Delay to Float During Write Cycle 


'F(D) 




90 




90 


ns 


Data Setup Time to Rising Edge ol Clock During M1 Cycle 


'S'MDI 


50 




35 




ns 


Data Setup Time to Falling Edge ol Clock During M2 to M5 Cycles 


'S'MDI 


60 




SO 




ns 


Data Stable Prior to WR (Memory Cycle) 


'dem 


© 




© 




ns 


Data Stable Prior to WR (I/O Cycle! 


•dci 


© 




© 




ns 


DataStable from WR 


Jcdf- 


© 




© 




ns 


Any Hold Time for Setup Time 


<H 












ns 




MREQ Delay from Falling Edge ol Clock to MREQ Low 


'DlJiMRI 




100 




85 


ns 


C L - 50 pF 


MREQ'Delay from Rising Edge ol Clock to MREQ High 


'DH.I.IMRI 


F 


100 




85 


ns 


MREQ Delay from Falling Edge of Clock to MREQ High 


'DH^IMRI 




100 




85 


ns 


Pulse Width. MREQ Low 


'w(MRL) 


© 




© 




ns 


Pulse Width, MREQ High 


'wIMRHI 


® 




© 




ns 


l6RQ Delay from Rising Edge of Clock to IORQ Low 


'DL'MIRI 




90 




75 


ns 


IORQ Delay from Falling Edge ol Clock to IORQ Low 


'DL^IIRI 
■DHiMIR) 


_._ 


110 
100 




85 


ns 


lORti Delay from Rising Edge ol Clock to IORQ High 




85 


ns 


IORQ Delay from Falling Edge of Clock to IORQ High 


<DH*(|R) 




no 




85 


ns 


RD Delay irom Rising Edge of Clock to RD Low 


'DL'MRD) 




100 




85 


ns 


RD Delay from Falling Edge of Clock to RD Low 


'DL'WRDI 




130 




95 


ns 


RD Delay from Rising Edge of Clock to RD High 


'DH'MRDI 




100 




85 


ns 


RD Delay from Falling Edge of Clock to RD High 


'OH'MRD) 




110 




85 


ns 


WR Delay from Rising Edge of Clock to WR Low 


'DL'WWRI 




80 




65 


ns 


WR Delay Irom Falling Edge of Clock to WR Low 


'DL'MWRI 




90 




80 


ns 


WR Delay from Falling Edge of Clock to WR High 


fDH.MWRI 




100 




80 


ns 


Pulse Width toWR Low 


•wlWRLI 


@ 




® 




ns 


Ml Delay from Rising Edge of Clock to Ml Low 


'DLIMII 




130 




100 


ns 


(J L - 30 pF 


(77 Delay from Rising Edge of Clock to M? High 


'DH(MI) 




130 




100 


ns 


RFSH Delay from Rising Edge of Clock to RFSH Low 


'OL(RF) 




180 




130 


ns 


RFSH Delay from Rising Edge of Clock to RFSH High 


'OH(RF) 




150 




120 


ns 


WAIT Setup Time to Falling Edge of Clock 


's(WT) 


70 




70 




ns 




HALT Oelay Time from Falling Edge of Clock 


"DIHTI 




300 




300 


ns 


C L 50 pF 


INT Setup Time to Rising Edge of Clock 


's(IT) 


80 




80 




ns 




Pulse Width. MMI Low 


<w(NMLI 


80 




80 




ns 




BUSRQ Setup Time to Rising Edge ol Clock 


's(BQ) 


80 




50 




ns 




BUSAK Oelay from Rising Edge of Clock to BUSAK Low 


'DL(BA) 




120 




100 


ns 


C L 50 pF 


BUSAK Oelay from Falling Edge of Clock to BUSAK High 


'DH(BA) 




110 




100 


ns 


RESET Setup Time to Rising Edge of Clock 


's(RS) 


90 




60 




ns 




Delay to Float (MREQ, iOfiO. RD and WR) 


'F(C) 




100 




80 


ns 




Ml Stable Prior to IORQ (Interrupt Ack.) 


'mr 


® 




© 




ns 






n= l w (»HI ♦ tf -65I75C 
= t c -7O(80l" 
- t w ('M-) + t, 50(401- 
= t w (.|>LI ♦ t, 45(601* . 
'dem-'c 170I210I" 
"dci " 'w l*L) ♦ t, 170(210)- 
trrtl • tw 1'i-LI + t r - 70 (80)' 
, (MRP- t c 30(40)- 
, (MRH) - l w M.H1-* t| 20(301- 
,(WR) = > c 30(40)- 
'mr " 2'c * 'w W'Hl ♦ If 65 (80)" 
t w (<l>H) * t„ ('I'D + t, + ti 



TEST POINT 
O 



FROM OUTPUT 
UNDER TEST 



x„l W 



H-\ +2.1 kI7 



'These values apply to the uPD780. 



LOAD CIRCUIT FOR OUTPUT 
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Instruction Op Code Fetch 

The contents of the program counter (PC) are placed on the address bus at the start 
of the cycle. MREQ goes active one-half clock cycle later, and the falling edge of this 
signal can be used directly as a chip enable to dynamic memories. The memory data 
should be enabled onto the processor data bus when RD goes active. The processor, 
takes data with the rising edge of the clock state T3. The processor internally decodes 
and executes the instruction, while clock states T3 and T4 of th e fetch cycle are used 
to refresh dynamic memories. The refresh control signal RFSH indicates that a refresh 
read should be done to all dynamic memories. 



TIMING WAVEFORMS 



A0-A15 




~\ 



-Ml Cycle - 



-gee) 






Memory Read or Write Cycles 

This diagram illustrates the timing of memo ry read or write cycles other than an op 
code fetch (Mi cycle). The function of the MREQ and RD signals is exactly th e same 
as in the op code fetch cycle. When a memory write cycle is implemented, the MREQ 
becomes active and is used directly as a chip enable for dynamic memories, when the 
address bus is stable. The WR line is used directly as a R/W pulse to any type of semi- 
conductor memory, and is active when data on the data bus is stable. 
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TIMING WAVEFORMS 
(CONT.) 



INSTRUCTION SET 



//PD780 

Input or Output Cycles 

This illustrates the timing for an I/O read or I/O write operation. A single wait-state 
(T\l\l) is automatically inserted in I/O oper ations t o allow sufficient time for an I/O 
port to decode its address and activate the WAIT line, if necessary. 




Write 
Cycle 



Interrupt Request/ Acknowledge Cycle 

The processor samples the interrupt signal with the rising edge of the last clock at the 
end of any instruction. A specia l Mt cycle i s starte d when an interrupt is accepted. 
During the Mi cycle, the IORQ (instead of MREQ) signal becomes active, indicating 
that the interrupting device can put an 8-bit vector on the data bus. Two wait states 
(Tyy) are automatically added to this cycle. This makes it easy to implement a ripple 
priority interrupt scheme. 




The following summary shows the assembly language mnemonic and the symbolic 
operation performed by the instructions of the ^PD780 and juPD780-1 processors. 
The instructions are divided into 16 categories: 



Miscellaneous Group 

Rotates and Shifts 

Bit Set, Reset and Test 

Input and Output 

Jumps 

Calls 

Restarts 

Returns 



8-Bit Loads 

16-Bit Loads 

Exchanges 

Memory Block Moves 

Memory Block Searches 

8-Bit Arithmetic and Logic 

16-Bit Arithmetic 

General Purpose Accumulator and Flag Operations 

The addressing Modes include combinations of the following: 



Indexed 
Register 
Implied 

Register Indirect 
Bit 



397 



Immediate 
Immediate Extended 
Modified Page Zero 
Relative 
Extended 



f*PD780 

■■ j 



\f\Tu\i 



X 



\ 



'K 



\. 



X 



'DL.[i (MRI 'OH* <MR> 



«i— •" 'DL'b (RD) 



>x 



x< 



,m '~ — TN= — ji 



■#■ 



> 



% 



^ 



/"Ni 



n 



31 



u 



TC 



-\TX 



X 



::x 



_^ 



r> 



>CZX 



T3C 



<NMLI r*~"1 



\ 



rY~ 



w- 



rr 



TIMING WAVEFORM© 



J" LJ, F(AD1 LJ 



X 



W^ 



m \ [■+• »- j— — tDH.|. (W 



DU (RD) vC_ 

'DH<|. IRDI' 



^ 



'DL-h tWR) TC 

'DH.VlWRI- 



^rN^?- 




tj< 



>- 



i Jr\ » - 



>Ezk 



'Rl 



^ 
S 



X ^f— 



"I" "O" 

CLOCK 4.2V 0.8V 

Note: (T) Timing measurements are made at the following voltages unless otherwise specified: OUTPUT 2.0V 0.8V 

INPUT 2.0V 0.8V 

FLOAT AV ±0.5V 
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//PD780 



INSTRUCTION SET TABLE 



MNEMONIC 


SYMBOLIC 
OPERATION 


DESCRIPTION 


NO. 
BYTES 


NO. T 
STATES 


FLAGS 
C Z P/V S 


N H 


OPCODE 
76 543 210 


ADC HL, ss 


HL-HL + ss + CY 


Add with carry reg. pair ss to HL 


1 


15 


% X V % 


X 


11 101 
01 ss1 


101® 
010 


ADC A, r 


A*- A + r + CY 


Add with carry Reg. r to ACC 


1 


4 


X X SI X 


t 


10 001 


rrr® 


ADC A,n 


A - A + n + CY 


Add with carry value n to ACC 




7 


t X V X 


X 


11 001 

nn nnn 


110 
nnn 


ADC A, (HL) 


A<- A + (HL) + CY 


Add with carry loc. (HL) to ACC 




7 


X X V X 


X 


10 001 


110 


ADC A, (IX + d) 


A«-A + UX +d) + CY 


Add with carry loc. (IX + d) to ACC 




19 


% % SI X 


X 


11 011 
10 001 
dd ddd 


101 
110 
ddd 


ADC A, (lY + d) 


A<-A + OY + d) + CY 


Add with carry loc. (IY + d) to ACC 




19 


% X V % 


t 


11 111 
10 001 
dd ddd 


101 
110 
ddd 


ADD A, n 


A <- A + n 


Add value n to ACC 


2 


7 


X t' V X 


t 


11 000 

nn nnn 


110 

nnn 


ADD A, r 


A<-A + r 


Add Reg. r to ACC 


1 


4 


t t V t 


t 


10 000 


rrr® 


ADDA, (HL) 


A^A+ (HL) 


Add location (HL) to ACC 


1 


7 


1 t V 1 


t 


10 000 


110 


ADDA, (IX + d) 


A«-A+(IX + d) 


Add location (IX + d) to ACC 


3 


19 


t t V I 


J 


11 011 
10 000 
dd ddd 


101 
110 
ddd 


ADDA, (lY + d) 


A- A + (lY + d) 


Add location (IY + d) to ACC 


3 


19 


t % V 1 


t 


11 111 
10 000 
dd ddd 


101 
110 
ddd 


ADD HL, ss 


HL-HL+ss 


Add Reg. pair ss to HL 


1 


11 


t • • • 


X 


00 ss1 


001® 


ADD IX, pp 


IX - IX + pp 


Add Reg. pair pp to IX 


2 


15 


J • • • 


X 


11 011 
00 pp1 


101© 
001 


ADD !Y, rr 


IY *- !Y + rr 


Add Reg. pair rr to IY 


2 


15 


t • • • 


X 


11 111 
00 rr 1 


101® 
001 


AND r 


A<- AAr 


Logical 'AND' of Reg. r A ACC 




4 


t P t 


X 


10 100 


rrr® 


ANDn 


A — AAn 


Logical 'AND' of value n A ACC 




7 


t P t 


t 


11 100 
nn nnn 


110 

nnn 


AND (HL) 


A- AA(HL) 


Logical 'AND' of loc. (HL) A ACC 




7 


t P t 


X 


10 100 


110 


AND (IX +d) 


A<-AA(IX + d) 


Logical 'AND' of loc. (IX + d) A ACC 




19 


t P t 


X 


11 011 
10 100 
dd ddd 


101 
110 
ddd 


AND (IY + d) 


A-AAdY +d) 


Logical 'AND' of loc. (IY + d) A ACC 




19 


t P J 


t 


11 111 
10 100 
dd ddd 


101 
110 
ddd 


BITb, (HL) 


Z - (HL) b 


Test BIT bof location (HL) 


2 


12 


• 1 X X 


1 


11 001 
01 bbb 


011© 
110 


BITta, (IX + d) 


Z - (ixTdi b 


Test BIT b at location (IX + d) 


4 


20 


• I X X 


1 


11 011 
11 001 
dd ddd 
01 bbb 


101© 
011 
ddd 
110 


BITb, (IY +d) 


Z^(TYTdl b 


Test BIT b at location (1 Y + d) 


4 


20 


• t X X 


1 


11 111 
11 001 
dd ddd 
01 bbb 


101© 
011 
ddd 
110 


BITb, r 


Z-7 b 


Test BIT of Reg. r 


2 


8 


• 1 X X 


1 


11 001 
01 bbb 


?!r 1 ®© 


CALL cc, nn 


If condition cc false continue. 


Call subroutine at location nn if 


3 


10 


• • o • 


• • 


11 «-cc-» 


100® 


CALL nn 


else same as CALL nn 
(SP ~ 1) «- PC H 


condition cc is true 

Unconditional call subroutine at 
location nn 


3 


17 






11 001 
nn nnn 


nnn 
101 




(SP- 2) - PC. 
PC<-nn 


















nn nnn 


nnn 


CCF 


CY^CY 


Complement carry flag 


1 


4 


t • • • 


X 


00 111 


111 


CPr 


A- r 


Compare Reg. r with ACC 




4 


t X V t 


1 t 


10 111 


rrr® 


CP n 


A- n 


Compare value n with ACC 




7 


J X V X 


1 X 


11 111 


110 


CP (HL) 


A- (HL) 


Compare loc. (HL) with ACC 




7 


X X V t 


1 X 


10 111 


110 


CP (IX +d) 


A-(IX + d) 


Compare loc. (IX + d) with ACC 




19 


X X V I 


1 X 


11 011 

10 111 
dd ddd 

11 111 


101 
110 
ddd 
101 


CP (lY + d) 




Compare loc. (IY + d) with ACC 




19 


X X V 1 


1 X 


10 111 
dd ddd 


110 
ddd 


CPD 


A • (HL) 

H L >- H L - 1 
BC «■- BC - 1 


Compare location (HL) and ACC, 
decrement HL and BC 


2 


16 


. J© ,©1 


1 t 


11 101 
10 101 


101 
001 


CPDR 


A- (HL) 


Compare location (HL) and ACC, 


2 


21 if BC = 


. ,® ,® , 


1 i 


11 101 


101 




HL> HL- 1 


decrement HL and BC, repeat until 




and A t (HL) 






10 111 


001 




BC - BC- 1 


BC = 




16 if BC = 












until A = (HL) or BC = 






or A= (HL) 
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^PD780 



INSTRUCTION SET TABLE 
(CONT.) 



SYMBOLIC 
OPERATION 



DESCRIPTION 



NO. 
BYTES 



NO. T 
STATES 



FLAGS 
C Z P/V S N H 



OP CODE 
76 543 210 



A- (HL) 
HL-HL + 1 
BC - BC - 1 

A- (HL) 

HL-HL + 1 

BC-BC- 1 

until 

A=° (HL)or BC = 



CPL 




A- A 


DAA 






DECr 
DEC(HL) 
DEC (IX + d> 


r*-r- 1 

(HL)i-(HD- 1 

(IX + d)-(IX +d)- 1 


DEC (IY 


+ d) 


(IY + d)«-(IY + d)- 1 


DEC IX 




IX - IX- 1 


DEC IY 




IY*- IY- 1 


DECss 




SS i- ss - 1 


Dl 




IFF -0 


DJNZ.e 




B-B-1ifB = 
continue if B * 
PC-PC + e 


El 




IFF - 1 


EX (SP), 


HL 


H « (SP + 1) 
L~(SP) 


EX (SP), 


IX 


IX H " (SP + 1) 
IX L -(SP) 


EX (SP), 


IY 


IY H ~ (SP + 1) 
IY"~(SP) 


EX AF, AF' 


AF - AF' 


EX DE, HL 


DE-HL 


EXX 




BC« BC 
DE-DE' 
HL-HL' 


HALT 




Processor Halted 


IM 






IM 1 






IM 2 






IN A, (n) 




A -(n) 


IN r, (C) 




r-(C) 


INC (HL 




(HL) - (HL) + 1 


INC IX 




'IX -IX + 1 


INC (IX +d) 


(IX + d) «-(IX +d) + 1 


INC IY 




IY - IY + 1 


INC (IY +d) 


(IY +d) -(IY +d) + 1 


INCr 




r <-r + 1 


INCss 




ss «- ss + 1 


IND 




(HL)-(C) 
B - B'- 1 
HL-HL- 1 



Compare location (HL) and ACC, 
increment HL and decrement BC 



Compare location (HL) and ACC, 
increment HL, decrement BC 
Repeat until BC - C 



Complement ACC (1's comp.) 

Decimal adjust ACC 

Decrement Reg. r 
Decrement loc. (HL) 
Decrement loc. (IX + d) 

Decrement loc. (IY + d) 

Decrement IX 

Decrement IY 

Decrement Reg. pair ss 

Disable interrupts 

Decrement B and jump relative if 
B = 

Enable interrupts 

Exchange the location (SP) and HL 

Exchange the location (SP) and IX 

Exchange the location (SP) and IY 

Exchange the contents of AF, AF ' 

Exchange the contents of DE and HL 

Exchange the contents of BC, DE, HL 
with contents of BC, DE', HL', 
respectively 

HALT (wait for interrupt or reset) 

Set Interrupt mode 

Set interrupt mode 1 

Set Interrupt mode 2 

Load ACC with input from device n 

Load Reg. r with input from device 
(C) 

Increment location (HL) 

Increment IX 

Increment location (IX + d) 

Increment IY 

Increment location (IY + d) 

Increment Reg. r 

Increment Reg. pair ss 

Load location (HL) with input from 

port (C), decrement HL and B 



21 if BC = 
and A i (HL) 
16 if BC = 
or A= (HL) 



t©>©, 
t® J© J 



t P t ! 
t V J J 



% v t J 



t V t } 



t V X 1 



11 101 101 
10 100 001 



11 101 101 
10 110 001 



V^ X X 1 X 



00 


101 


111 


00 
00 


100 

r r r 


111 
101® 


00 


110 


101 


11 


011 


101 


00 


110 


101 


dd 


ddd 


ddd 


11 


111 


101 


00 


110 


101 


dd 


ddd 


ddd 


11 


011 


101 


00 


101 


011 


11 


111 


101 


00 


101 


011 


00 


ss1 


011<& 


11 


110 


011 


00 


010 


000 




-e-2- 




11 


111 


011 


11 


100 


011 


11 


011 


101 


11 


100 


011 


11 


111 


101 


11 


100 


011 


00 


001 


000 


11 


101 


011 


11 


011 


001 


01 


110 


110 


11 


101 


101 


01 


000 


110 


11 


101 


101 


01 


010 


110 


11 


101 


101 


01 


011 


110 


11 


011 


011 


11 


nnn 
101 


nnn 
101© 


01 


rrr 


000 


00 


110 


100 


11 


011 


101 


00 


100 


011 


11 


011 


101 


00 


110 


100 


dd 


ddd 


ddd 


11 


111 


101 


00 


100 


011 


11 


111 


101 


00 


110 


100 


dd 
00 


ddd 


ddd 
100® 


00 


ssO 


011<&> 


11 


101 


101 


10 


101 


010 
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MNEMONIC 



JP (HL) 
JP (IX) 



SYMBOLIC 
OPERATION 

(HL)-(C) 

B ~ B - 1 

HL^ HL- 1 until B = 



HL - HL + 1 

IHL) - (CI 

B • B - 1 

HL •- HL + 1 until B = 

PC> HL 

PC •■■ IX 

PC- IY 

If cc true PC • nn else coi 



JR C, e 


If C com 
If C = 1 PC- 


PC + e 


JR e 


PC • PC + n 




JR NC.e 


If C = 1 cont 
If C = PC - 


nue 

PCfe 


JR NZ, e 


If Z = 1 cont 


nue 


JR Z, e 


If Z = Ocont 


nue 


LD A, (BC) 


A- (BC) 




LD A, (DE) 


A- (DE) 




LD A, I 


A- I 




LD A, (nn) 


A- (nn) 




LD A, R 


A- R 




LD (BC), A ' 


(BC) - A 




LD (DE). A 


(DE)-A 




LD (HL), n 


(HL) • n 




LD ss, nn 


ss < nn 




LD HL, (nn) 


H • (nn + 1) 
L - (nn) 




LD (HL), r 


(HL) - r 




LD I, A 


I • A 





IX U - (nn+ 1) 
IX^(nn) 



DESCRIPTION 

Load location (HL) with input from 
port (C), decrement HL and decre- 
ment B, repeat until B = 
Load location (HL) with input from 
port (C); and increment HL and 
decrement B 

Load location (HL) with input from 
port (CI, increment HL and decre- 
ment B, repeat until B = 

Unconditional jump to (HL) 

Unconditional jump to (IX) 

Unconditional jump to (IY) 

Jump to location nn if condition cc 



Unconditional jump to location nn 

Jump relative to PC + e, if carry - 1 

Unconditional jump relative to PC + 

Jump relative to PC + e if carry = : 

Jump relative to PC + e if non-zero 
IZ - 0) 

Jump relative to PC ■* e if zero 
(Z - 1 ) 

Load ACC with location (BC) 

Load ACC with location (DE) 

Load ACC with I 

Load ACC with location nn 

Load ACC with Reg. R 

Load location (BC) with ACC 
Load location (DE) with ACC 
Load location (HL) with value n 

Load Reg. pair ss with value nn 

Load HL with location (nn) 

Load location (HL) with Reg. r 
Load I with ACC 

Load IX with value nn 



Load IX with location (nn) 



Load location ( IX + d) with value n 



Load location (IX + d) with Reg. 



NO. 
BYTES 



NO. T 
STATES 



FLAGS 
P/V S N H 



7 if conditii 
met. 12, if 



.© 



OP CODE 
76 543 210 



11 101 
10 111 



101 101 

10 ioo oio 



11 101 101 
10 110 010 



11 101 001 

11 011 101 
11 101 001 

11 111 101 
11 101 001 

11 -cc-- 010® 



11 000 011 



00 111 000 



00 011 000 

00 110 000 

00 100 000 

00 101 000 

00 001 010 

00 011 010 

101 101 

010 111 

00 111 010 



11 101 101 

01 011 111 

00 000 010 

00 010 010 

00 110 110 



00 ssO 001 



® 



00 101 010 



01 110 rrr® 

11 101 101 

01 000 111 

11 011 101 

00 100 001 



11 011 101 
00 101 010 



11 011 101 

00 110 110 
dd ddd ddd 

11 011 101*3 

01 110 ir- 
dd ddd ddd 
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INSTRUCTION SET TABLE 
(CONT.) 



SYMBOLIC 
OPERATION 



DESCRIPTION 



NO. 
BYTES 



NO. T 
STATES 



FLAGS 
P/V S 



OP CODE 


76 


543 


210 


11 


111 


101 


00 


100 


001 

nnn 


nn 


nnn 


nnn 


11 


111 


101 


00 


101 


010 


11 


101 


101® 


01 


ss1 


011 


11 


111 


101 


00 


110 


110 


dd 


ddd 


ddd 


11 


111 


101® 


01 


110 


rr r 


dd 


ddd 


ddd 


00 


110 


010 


nn 


nnn 


nnn 


11 


101 


101® 


01 


ssO 


011 . 


nn 


nnn 


nnn 


nn 


nnn 


nnn 


00 


100 


010 


nn 


nnn 


nnn 


11 


011 


101 


00 


100 


010 


nn 


nnn 


nnn 


11 


111 


101 


00 


100 
nnn 


010 


nn 


nnn 


nnn 


11 


101 


101 


01 


001 


111 


01 


r rr 


110® 


11 


011 


101® 


01 


r r r 


110 


dd 


ddd 


ddd 


11 


111 


101® 


01 


r r r 


110 


dd 


ddd 


ddd 



IY U - (nn + 1) 
lY^-Inn) 



ss H — (nn + 1) 
ss. — (nn) 



(nn + 1) - 
(nn) — ss. 



(nn + 1) - H 
(nn)-L 



(nn + 1) - IX 
(nn) -IX, 



(nn + D- IY 
(nn)- IY, 



LD PI, A 


R -A 


LDr, (HL) 


r- (HL) 


LDr. (IX + d) 


r- (IX +d) 


LD r, (IY + d) 


r- (lY + d) 



LD, r, I-' 


r *- r' 


LDSP, HL 


SP- HL 


LDSP, IX 


SP- IX 


LDSP, IY 


SP- IY 


LDD 


(DE)-( 



DE -DE- 1 
HL - HL - 1 
BC-BC- 1 

(DE) - (HL) 

DE - DE - 1 

HL- HL - 1 

BC - BC ■ 1 until BC -- 

(DEI- (HL) 

DE- DE + 1 

HL- HL+ 1 

BC - BC - 1 

(DE)- (HLI 

DE- DE+ 1 

HL- HL+ 1 

BC - BC- 1 until BC = 

A - - A 



Load IY with value i 



Load IY with location (nn) 



Load Reg. pair dd with location (n 



Load (IY + d) with value n 



Load location (IY + dl with Re 



Load location (nn) with ACC 



Load location (nn) with Reg. pairdd 



Load location Inn) with HL 



Load location (nn) with IX 



Load location (nn) with IY 



Load R with ACC 

Load Reg. r with location (HL) 
Load Reg. r with location (IX + d) 

Load Reg. r with location (I Y + d) 

Load Reg. r with value n 

Load Reg. r with Reg. r 
Load SPwith HL 
Load SP with IX 

Load SPwith IY 



Load location (DE) with location 
(HL), decrement DE, HL and BC 



Load location (DE) with location 
(HLI 



Load location (DE) with location 
(HLI, increment DE, HL; decrement 



Load location (DE) with location 
(HLI, increment DE, HL; decrement 
BC and repeat until BC = 

Negate ACC (2's complement! 



21 if BC ^ 

16 if BC = 



.®. 



110® 
rTr® 



11 


011 


101 


11 


111 


001 


11 


111 


101 


11 


111 


001 


11 


101 


101 


10 


101 


000 


11 


101 


101 


10 


111 


000 


11 


101 


101 


10 


100 


000 


11 


101 


101 


10 


110 


000 


11 


101 


101 


01 


000 


100 
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MPD780 



MNEMONIC 


SYMBOLIC 
OPERATION 


DESCRIPTION 


NO. 
BYTES 


NO, T 
STATES 


FLAGS 
C 2 P/V S 


N 


H 


OP CODE 
76 543 210 


NOP 




No operation 


1 


4 








00 000 


000 


OR r 


A- AV r 


Logical 'OR' of Reg. r and ACC 




4 


1 P 1 





1 


10 110 


rrr® 


OR n 


A- AV n 


Logical 'OR' of value n and ACC 




7 


• 1 P 1 





1 


11 110 


110 


OR (HL) 


A- AV (HLI 


Logical 'OR' of loc. (HL) and ACC 




7 


• IP! 





! 


10 110 


110 


OR (IX +dl 


A- (IX + dl 


Logical 'OR' of loc. (IX + dl A ACC 




19 


• 1 P 1 





1 


11 011 
10 110 
<ld drid 


101 
110 
ddd 


OR (IY + d) 


A- AV (IY +d) 


Logical 'OR' of loc. (IY + dl A ACC 




19 


• ! P 1 





1 


11 111 
10 110 
dd cldd 


101 
110 
ddd 


OTDR 


IC>- (HL) 


Load output port (CI with contents 


2 


21 if 8 / 


• 1 X X 


1 


X 


11 101 


101 




B- B 1 


of location (HL), decrement HL 




16 if B C 








10 111 


011 




HL- HL 1 until B =0 


and B, repeat until B 
















OTIR 


(CI- (HL) 


Load output poil (C) with location 


2 


21 if B 4 


• 1 X X 


1 


X 


11 101 


101 




B ■ ■ B - 1 


(HLI, increment HL, decrement B, 




16 if B C 








10 110 


011 




HL • HL i 1 until BO 


repeat until BO 














101® 


OUT (C), i 


(C) • r 


Load output port (CI with Reg. r 


2 


12 








11 101 


















01 in 


001 


OUT (nl, A 


In) v A 


Load output port (nl.with ACC 


2 


11 








11 010 


011 


OUTD 


(C) - (HL) 
B- B - 1 
HL • HL- 1 


Load output port (C) with location 
(HL!. increment HL and 
decrement B 


2 


16 


. :® x x 


1 


X 


11 101 
10 101 


101 
011 


OUTI 


(C) ■ (HL) 
B ■ B 1 
HL ■ HL -> 1 


Load output port (C) with location 
(HL), increment HL and 
decrement B 


2 


16 


. :© x x 


1 


X 


1 1 101 
10 1C0 


101 
011 


POP IX 


IX • (SP + 1) 
IX • (SP) 


Load IX with tot) °' stack 


2 


14 








11 011 
11 100 


101 
001 


POP IY 


IY • (SP < 1) 
IY • (SP) 


Load IY with top of slack 


2 


14 








11 111 
11 100 


101 
001 


POPqq 


qq,,- (SP + 1) 
qq L • (SP) 


Loarl Reg. pan qq with top of stack 


1 


10 








11 qqO 


001© 


PUSH IX 


(SP 2)- IX 
(SP 11- ix H 


Load (X onto stack 


2 


15 








11 011 


101 
















11 100 


101 


PUSH IY 


(SP 2) • IY. 
(SP 11- IY H 

(SP 21 • qq. 


Load IY onto stack 


2 


15 








11 111 


101 
















11 100 


101 


PUSH qq 


Load Reg. pan qq onto stack 


1 


11 








11 qqO 


101© 




(SP ■ 1) • qq H 


















RESb. r 


S b - 


Reset Bit 1) of Reg. r 




8 








11 001 


?::S 


















1 bbb 


RESb, (HL) 


S u - 0, (HLI 


Reset Bit b of loc. (HL) 




15 








11 001 
10 bbb 


011 
110 


RESb, (IX + dl 


Sh • 0, (IX + d) 


Reset Bit b of loc. (IX + dl 




23 








11 011 
11 001 
dd ddd 
10 bbb 


101 
011 
ddd 
110 


RESb, (IY + d) 


S b - 0, (IY + dl 


Reset Bit b of loc. (IY + d) 




23 








11 111 
11 001 
dd ddd 
10 bbb 


101 
011 
ddd 
110 


RET 


PC • (SPI 
PC H • (SP + 11 


Return from subroutine 


1 


10 








11 001 


001 




















RETcc 


If condition cc is false 
com. else IPC|_ • (SPI 
PC H ■ (SP • 11 


Return from subroutine if condition 
cc is true 


1 


5 if CC false 
11 il CC true 








11 ■ cc • 


000© 


RETI 




Return from interrupt 


2 


14 








11 101 
01 001 


101 
101 


RETN 




Return from nonmaskable interrupt 


2 


14 








.11 101 
01 000 


101 
101 


RL r 




Rotate left through carry Reg. r 




2 


i : p ; 








11 001 
00 010 


011® 


RL (HL) 




Rotate left through carry loc. (HL) 




4 


IIP! 








11 001 
00 010 


011 




1 | 














1 10 


RL (IX + d) 




Rotate left through carry loc. (IX -i dl 




6 


; ; p i 








11 011 


101 


1 1 




1 |CY |-«-| 7 • J-*- 1 














11 001 


on 


















dd ddd 


ddd 




m r, (HL), 














00 010 


110 


RL (IY + dl 


(IX +dl, 
(IY +dl, A 


Rotate left through carry loc. (IY t d) 




6 


i ! p ; 








11 111 
11 001 
dd ddd 
00 010 


101 
011 
ddd 
110 


RLA 




Rotate left ACC through carry 


1 


4 


• • • 








00 010 


111 



o 
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INSTRUCTION SET TABLE 
(CONT.) 



MNEMONIC 



SYMBOLIC 
OPERATION 



DESCRIPTION 



NO. 
BYTES 



NO. T 
STATES 



FLAGS 
P/V S 



OPCODE 


76 


543 


210 


11 


001 


011 


00 


000 


110 


11 


011 


101 


11 


001 


011 


dd 


ddd 


ddd 


00 


000 


110 


11 


111 


101 


11 


001 


011 


rid 


ddd 


ddd 


00 


000 


110 


11 


001 


011 1 ' 


00 


000 


rrr 


00 


000 


111 



RLC (HL) 
RLC (IX + dl 



RLCA 
RLD 

RR r 
RR (HL) 
RR (IX + dl 



RRA 

RRCr 
RRC (HL) 
RRC (IX + d) 



[c7LJ-[-7T7|J 

m - r, (HL), 

(IX +d), (IY +d). A 



A b 4|3 ol \7 4I3 ol(HL) 
1 1 11' 



L— | 7 ■ o~| -— -[cyJ — ' 

m r, (HL), 

(IX +d), (IY +d), A 



Urr^yLjc^ 

m - r, (HL), 

(IX +d), (IY + d), A 







I ill 


RRD 


A |7 4J3 0| |7 4J3 o| 




1 1 


RST, 


(SP 11- PC H 
(SP 2) - PC L 
PC H " 0, PC L - T 


SBC A, r 
SBC A, n 




A - A ■ r CY 

A - A n CY 


SBC A, (HL) 
SBC A, (IX +d) 


A • A (HL) CY 
A- A - (IX +d) CY 


SBC A, (IY + 


d) 


A- A (IY + d) CY 


SBC HL, ss 




HL ■ HL ss CY 


SCF 




CY - 1 


SET b, (HL) 




(HD b ~1 


SETb, (IX + 


dl 


(IX + dl h - 1 



Rotate location (HL) left circular 
Rotate location (IX + d) left circular 



Rotate location (IY + d) left circular 



Rotate Reg. r left circular 
Rotate left circular ACC 



Rotate digit left and right between 
ACC and location (HLI 



Rotate right through carry Reg. r 
Rotate right through carry loc. (HL) 



Rotate right through carry loc. 
(IX + d> 



Rotate right through carry loc. 
(IY + d) 



Rotate right ACC through carry 

Rotate Reg. r right circular 
Rotate loc. (HL) right circular 
Rotate loc. (IX + d) right circular 

Rotate loc. (IY + d) right circular 
Rotate right circular ACC 



Rotate digit right and left between 
ACC and location (HL) 



Restart to location T 



Subtract Reg. r from ACC w/carry 

Subtract value n from ACC with 

carry 

Sub. loc. (HL) from ACC w/carry 

Subtract loc. (IX + dl from 

ACC with carry 

Subtract loc. (IY + d) from 
ACC with carry 

Subtract Reg. pair ss from HL with 
carry 

Set carry flag (CM] 

Set Bit bof location (HL) 

Set Bit bof location (IX + d) 



P 1 



P 1 



11 101 101 



p l 








11 

00 


001 
011 


oir 


p I 








11 


001 


011 








00 


011 


110 


p t 








11 


011 


101 








11 


001 


011 








dd 


ddd 


ddd 








00 


011 


110 


p 1 








11 


111 


101 








11 


001 


011 








dd 


ddd 


ddd 








00 


011 


110 


• • 








00 


011 


111 


p 








11 
00 


001 
001 


01 1^ 


p 








11 


001 


011 








00 


001 


110 


p 








11 
11 


011 
001 


101 
011 








dd 


ddd 


ddd 








00 


001 


110 


p 








11 
11 


111 
001 


101 
011 








dd 


ddd 


ddd 








00 


001 


110 


• • 








00 


001 


111 


p i 








11 


101 


101 








01 


100 


111 



1® 



11 ttt 111 



10 


011 


rrr® 


11 


011 


110 


nn 


nnn 


nnn 


10 


011 


110 


11 


011 


101 


10 


011 


110 


dd 


ddd 


ddd 


11 


111 


101 


10 


011 


110 


dd 


ddd 


ddd 


11 


101 


101® 


01 


ssO 


010 


00 


110 


111 


11 


001 


only 


11 


bbb 


110 


11 


011 


101© 


11 


001 


011 


dd 


ddd 


ddd 


11 


bbb 


110 



404 



HPD780 





SYMBOLIC 




NO. 


NO. T 




FLAGS 






OP CODE 1 


MNEMONIC 


OPERATION 


DESCRIPTION 


BYTES 


STATES 


C 


Z P/V S 


N 


H 


76 


543 


210 1 


SETb, (IY +d) 


(IY+d) b -1 


Set Bit b of location (IY + d) 


4 


23 












11 
11 
dd 
11 


111 
001 
ddd 
bbb 


101© 
011 
ddd 
110 


SET b, r 


V 1 


Set Bit bof Reg. r 


2 


8 












11 
11 


001 
bbb 


011® 


SLAr 




Shift Reg. r left arithmetic 




8 




I 


1 P 1 








11 
00 


001 
100 


Oil® 


SLA (HL) 


&-4EIH- 


Shift loc. (HL) left arithmetic 




15 




1 


1 P 1 








11 
00 


001 
100 


011 
110 


SLA (IX +d) 


ms r , (HL), (IX + d), (IY + d) 


Shift loc. (IX + d) left arithmetic 




23 




1 


1 P I 








11 
11 

dd 
00 


011 
001 
ddd 
100 


101 
011 
ddd 
110 


SLA (IY + d) 




Shift loc. (IY + d) left arithmetic 




23 




1 


1 P I 








11 
11 
dd 
00 


111 
001 
ddd 
100 


101 
011 
ddd 
110 


SRA r 




Shift Reg. r right arithmetic 




8 




1 


1 P i 








11 


001 


011® 


SRA (HL) 
SRA (IX + d) 




] 


Shift loc. (HL) right arithmetic 
Shift loc. (IX + d) right arithmetic 




15 
23 




1 
I 


1 P I 
I P 1 










00 

11 

00 

11 


101 
001 
101 
011 


011 
110 
101 


H 7 ; IH^ 


I k 






















11 


001 


011 




msr, (HL), (IX + d), (IY + d) 


















.Id 
00 


101 


ddd 
110 


SRA (IY + d) 




Shift loc. (IY + d) right arithmetic 




23 




1 


I P 1 








11 
11 
dd 
00 


111 
001 
ddd 
101 


101 
011 
ddd 
110 


SRLr 




Shift Reg. r right logical 




8 




I 


1 P 1 








11 
00 


001 
111 


011® 


SRL (HL) 




3 


Shift loc. (HL) right logical 




15 




I 


I P 1 








11 
00 


001 

111 


011 
110 


°— L 7 _^_HL 


SRL (IX + dl 


m - r, (HL), (IX + d), (IY + d) 


Shift loc. (IX + d) right logical 




23 




1 


I P f 








11 
11 
dd 
00 


011 
001 
ddd 
111 


101 
011 
ddd 
110 


SRL (IY + d) 




Shift loc. (IY +d) right logical 




23 




I 


1 PI' 








11 
11 
dd 
00 


111 
001 
ddd 
111 


101 
011 
ddd 
110 


SUB r 


A • A - r 


Subtract Reg. r from ACC 




4 




1 


J V 1 


1 


1 


10 


010 


rrr® 


SUBn 


A ►■ A - n 


Subtract value n from ACC 




7 




1 


I V t 


1 


1 


11 


010 


110 


SUB (HL) 


A-A-- (HL) 


Subtract loc. (HL) from ACC 




7 




1 


1 V 1 


1 


I 


10 


010 


nnn 
110 


SUB (IX + d) 


A-A- (IX +d) 


Subtract loc. (IX + d) from ACC 




19 




t 


1 V 1 


1 


1 


11 
10 
dd 


011 
010 
ddd 


101 
110 
ddd 


SUB (IY + d) 


A -A (IY + d) 


Subtract loc. (IY + d) from ACC 




19 




1 


1 V 1 


1 


I 


11 
10 
dd 


111 
010 
ddd 


101 
110 
ddd 


XOR r 


A < AVr 


Exclusive 'OR' Reg. r and ACC 




4 




1 


I p I 


1 


1 


10 


101 


rrr® 


XOR n 


A «-■ AVn 


Exclusive 'OR' value n and ACC 




7 




! 


t p t 


1 


I 


11 


101 


110 


XOR (HL) 


A < AV(HL) 


Exclusive 'OR' loc. (HL) and ACC 




7 




I 


1 p I 


1 


1 


nn 
10 


101 


110 


XOR (IX + d) 


A- AVIIX +d) 


Exclusive 'OR' loc. (IX + d) and ACC 




19 




I 


1 p I 


1 


I 


11 
10 
dd 


011 
101 
ddd 


101 
110 
ddd 


XOR (IY + d) 


A- AV(IY +d> 


Exclusive 'OR' loc. (IY + d) and ACC 




19 




I 


I p 1 


1 


I 


11 
10 
dd 


111 
101 
ddd 


101 
110 
ddd 


FLAG NOTES: 
© P/V flag is 
© Z=1 if AMHL 


® 


® 


© 


® 


© 


© 


© 


® 


<D 


f B-1=0, elseP/V=1 Reg ss 


Reg r 


Reg pp 


Reg r r 


Bit b 


Reg r,r' 


Reg qq 


CC 


Con 


dition 


Re 


levant Flag 


Reg r 


), else Z=0 BC 00 


A 111 


BC 00 


BC 00 


000 


A 111 


BC 00 


000 


NZ 


No 


nZero 


Z 




B 


000 




© If B-1-0, Z flag set, else reset ° E °^ 


B 000 


DE 01 


DE 01 


1 001 


B 000 


DE 01 


001 


z 


Zero 


Z 




C 


001 




C 001 


IX 10 


IY 10 


2 010 


C 001 


HL 10 


010 


NC 


No 


n Carry 


C 




D 


010 




FLAG DEFINITIONS: sp n 


D 010 


SP 11 


SP 11 


3 011 


D 010 


AF 11 


011 


C 


Ca 


ry 


c 




E 


011 




• = Flag not affected 


E 011 






4. 100 


E 011 




100 


PO 


Par 


ity Odd 


P/V 




H 


100 




= Flag reset 


H 100 






5 101 


H 100 




101 


PE 


Par 


ty Even 


P/V 




L 


101 






L 101 






6 110 


L 101 




110 


P 


Sign Positive 


S 




F 


110 




1 = Flag set 












7 111 










111 


M 


Sign Negative 


S 




A 


111 





□ 



X = Flag unknown 

t - Flag affected according to result of operation 

V = Overflow set 

P " Parity set 

IFF" Interrupt flip-flop set 



FLAG DESCRIPTION: 

C =■ Carry/Link 

Z = Zero 
P/V = Parity/Overflow 



S = Sign 

N - Add/Subtra 

H = Half Carry 
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, PACKAGE OUTLINE 




u L _ 


~ "I 


ix PD780C 
— MPD780C-1 


Ih 


*--- 


4 


F -i 


" M 

0° - 


15°— 


\ 



(Plastic) 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 + 0.1 


0.10 + 0.004 


D 


0.5 ±0.1 


0.019 ±0.004 


E 


48.26 


1.9 


F 


1.2MIN 


0.047 MIN 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.019 MIN 


I 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 


L 


13.2 


0.520 


M 


+ 0.1 
0.25 

- 0.05 


+ 0.004 

0010 „„„„ 

- 0.002 



780/780-IDS-REV 1-1-82-CAT 
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NEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



pPD8080AF 

//PD8080AF-2 

/1PD8O8OAM 



/1PD8O8OAF 8-BIT N-CHANNEL 
MICROPROCESSOR FAMILY 



DESCRIPTION The/^PD8080AF is a complete 8-bit parallel processor for use in general purpose 

digital computer systems. It is fabricated on a single LSI chip using N-channel silicon 
gate MOS process, which offers much higher performance than conventional micro- 
processors (1.28 /us minimum instruction cycle). A complete microcomputer system 
is formed when the /L/PD808QAF is interfaced with I/O ports (up to 256 input and 256 
output ports) and any type or speed of semiconductor memory. It is available in a 
40 pin ceramic or plastic package. 

FEATURES • 78 Powerful Instructions 

• Three Devices — Three Clock Frequencies 
juPD8080AF - 2.0 MHz 
juPD8080AF-2-2.5MHz 
UPD8080AF-1 -3.0 MHz 

• Direct Access to 64K Bytes of Memory with 16-Bit Program Counter 

• 256 8-Bit Input Ports and 256 8-Bit Output Ports 

• Double Length Operations Including Addition 

• Automatic Stack Memory Operation with 16-Bit Stack Pointer 

• TTL Compatible (Except Clocks) 

• Multi-byte Interrupt Capability 

• Fully Compatible with Industry Standard 8080A 

• Available in either Plastic or Ceramic Package 



PIN CONFIGURATION 



A10C 


1 


V_^" 


40 


3 


A11 


VssC 


2 




39 


Zl 


At 4 


D4C 


3 




38 


I] 


A13 


05C 


4 




37 


=] 


A 12 


D 6 C 


5 




36 


I] 


A15 


D 7 C 


6 




35 


u 


A 9 


D3C 






34 


3 


A 8 


D 2 C 


8 




33 


H 


A? 


D1 C 


9 


MPD 


32 


=) 


A6 


DoC 


10 


31 


Zl 


A5 


v B bC 


11 


8080AF 


30 


Zl 


A 4 


RESET C 


12 




29 


=1 


A 3 


HOLD C 


13 




28 


Zl 


V D D 


INT C 


14 




27 


Z) 


A 2 


«2 C 


15 




26 


Zl 


A1 


INTE C 


16 




25 


Zl 


A 


DBIN C 


17 




24 


Zl 


WAIT 


WR C 


18 




23 


Zl 


READY 


SYNC C 


19 




22 


Z) 


01 


VccC 


20 




21 


Zl 


HLDA 



E 
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The /zPD8080AF contains six 8-bit data registers, an 8-bit accumulator, four testable 
flag bits, and an 8-bit parallel binary arithmetic unit. The /xPD8080AF also provides 
decimal arithmetic capability and it includes 16-bit arithmetic and immediate operators 
which greatly simplify memory address calculations, and high speed arithmetic 
operations. 

The juPD8080AF utilizes a 16-bit address bus to directly address 64K bytes of 
memory, is TTL compatible (1.9 mA), and utilizes the following addressing 
modes: Direct; Register; Register Indirect; and Immediate. 

The juPD8080AF has a stack architecture wherein any portion of the external memory 
can be used as a last in/first out (LIFO) stack to store/retrieve the contents of the 
accumulator, the flags, or any of the data registers. 

The juPD8080AF also contains a 16-bit stack pointer to control the addressing of this 
external stack. One of the major advantages of the stack is that multiple level inter- 
rupts can easily be handled since complete system status can be saved when an inter- 
rupt occurs and then restored after the interrupt is complete. Another major advantage 
is that almost unlimited subroutine nesting is possible. 

This processor is designed to greatly simplify system design. Separate 16-line address 
and 8-line bidirectional data buses are employed to allow direct interface to memories 
and I/O ports. Control signals, requiring no decoding, are provided directly by the 
processor. All buses, including the control bus, are TTL compatible. 

Communication on both the address lines and the data lines can be interlocked by 
using the HOLD input. When the Hold Acknowledge (HLDA) signal is issued by the 
processor, its operation is suspended and the address and data lines are forced to be in 
the FLOATING state. This permits other devices, such as direct memory access chan- 
nels (DMA), to be connected to the address and data buses. 

The ;iiPD8080AF has the capability to accept a multiple byte instruction upon an inter- 
rupt. This means that a CALL instruction can be inserted so that any address in the 
memory can be the starting location for an interrupt program. This allows the assign- 
ment of a separate location for each interrupt operation, and as a result no polling is 
required to determine which operation is to be performed. 

NEC offers three versions of the MPD8080AF. These processors have all the features 
of the MPD8080AF except the clock frequency ranges from 2.0 MHz to 3.0 MHz. 
These units meet the performance requirements of a variety of systems while maintain- 
ing software and hardware compatibility with other 8080A devices. 



FUNCTIONAL 
DESCRIPTION 



ol*±£e*v>o:xxce 



o o p o o o g 



I! 



TIMING » CONTROL 



STATE CNTR | CYCLE CNTR 



FLAG REGISTER 



ABq-15 (THREE STATE) 



LATCH a IN/OECREMENTER 
. T 



rz 



- Hlatch hibH 



I 



k 



LATCH LIB) I 0** R ° M 



INTERNAL DATA BUS 



IBBIT) t 



3 



FLAG REGISTER 
BIT 7- S:SIGN 
BIT 6- ZZERO 
BIT3-0:ALWAYS"0" 
BIT 4- ACY AUXILIARY CARRY 
BIT 3- 0:AU*WS"0" 
BIT 2 -P: PARITY 
BIT I - 1. ALWAYS "t" 
BITO-CY:CARRY 



| DBQ-7 BUFFER | 

O 
DB -7 (THREE STATE) 



•TEMPORARY REGISTER 



BLOCK DIAGRAM 
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PIN IDENTIFICATION 



fiPD8080AF 



PIN 


FUNCTION 


NO. 


SYMBOL 


NAME 


1, 

25-27, 

29-40 


A15-A0 


Address Bus 
(output three- 
state) 


The address bus is used to address memory (up to 64K 8-bit words) 
or specify the I/O device number (up to 256 input and 256 output 
devices). Ao is the least significant bit. 


2 


vss 


Ground (input) 


Ground 


3-10 


D7-D0 


Data Bus (input/ 
output three-state) 


The bidirectional data bus communicates between the processor, 
memory, and I/O devices for instructions and data transfers. Dur- 
ing each sync time, the data bus contains a status word that 
describes the current machine cycle. Do is the least significant bit. 


11 


VBB 


Vbb Supply Voltage 
(input) 


-5V±5% 


12 


RESET 


Reset (input) 


If the RESET signal is activated, the program counter is cleared. 
After RESET, the program starts at location in memory. The 
INTE and HLDA flip-flops are also reset. The flags, accumulator, 
stack pointer, and registers are not cleared. (Note: External syn- 
chronization is not required for the RESET input signal which 
must be active for a minimum of 3 clock periods.) 


13 


HOLD 


Hold (input) 


HOLD requests the processor to enter the HOLD state. The HOLD 
state allows an external device to gain control of the juPD8080AF 
address and data buses as soon as the uPD8080AF has completed 
its use of these buses for the current machine cycle. It is recog- 
nized under the following conditions: 

• The processor is in the HALT state. 

• The processor is in the T2 or Tyy stage and the READY signal 
is active. 

As a result of entering the HOLD state, the ADDRESS BUS 
(A15 — Ao) and DATA BUS (D7 — Do) are in their high imped- 
ance state. The processor indicates its state on the HOLD 
ACKNOWLEDGE (HLDA) pin. 


14 


INT 


Interrupt Request 
(input) 


The uPD8080AF recognizes an interrupt request on this line at 
the end of the current instruction or while halted. If the 
uPD8080AF is in the HOLD state, or if the Interrupt Enable 
flip-flop is reset, it will not honor the request. 


15 


02 


Phase Two (input) 


Phase two of processor clock. 


16 


INTE 


Interrupt Enable 
(output) 


INTE indicates the content of the internal interrupt enable flip- 
flop. This flip-flop is set by the Enable (El) or reset by the 
Disable (Dl) interrupt instructions and inhibits interrupts from 
being accepted by the processor when it is reset. INTE is auto- 
matically reset (disabling further interrupts) during T-j of the 
instruction fetch cycle (M^) when an interrupt is accepted and 
is also reset by the RESET signal. 


17 


DBIN 


Data Bus In 
(output) 


DBIN indicates that the data bus is in the input mode. This 
signal is used to enable the gating of data onto the uPD8080AF 
data bus from memory or input ports. 


18 


WR 


Write (output) 


WR is used for memory WRITE or I/O output control. The data 
on the data bus is valid while the WR signal is active (WR = 0). 


19 


SYNC 


Synchronizing Signal 
(output) 


The SYNC signal indicates the beginning of each machine cycle. 


20 


vcc 


Vcc Supply 
Voltage (input) 


+5V ± 5% 


21 


HLDA 


Hold Acknowledge 
(output) 


HLDA is in response to the HOLD signal and indicates that the 
data and address bus will go to the high impedance state. The 
HLDA signal begins at: 

• T3 for READ memory or input operations. 

• The clock period following T3 for WRITE memory or 
OUTPUT operations. 

In either case, the HLDA appears after the rising edge of <j>\ and 
high impedance occurs after the rising edge of 02. 


22 


01 


Phase One (input) 


Phase one of processor clock. 


23 


READY 


Ready (input) 


The READY signal indicates to the uPD8080AF that valid mem- 
ory or input data is available on the uPD8080AF data bus. 
READY is used to synchronize the processor with slower memory 
or I/O devices. If after sending an address out, the uPD8080AF 
does not receive a high on the READY pin, the uPD8080AF enters 
a WAIT state for as long as the READY pin is low. (READY can 
also be used to single step the processor.) 


24 


WAIT 


Wait (output) 


The WAIT signal indicates that the processor is in a WAIT state. 


28 


VDD 


Vdd Supply Voltage 
(input) 


+12V±5% 



Note: (T) After the El instruction, the )iPD8080AF accepts interrupts on the second instruction following the El. Thii 
allows proper execution of the RET instruction if an interrupt operation is pending after the service routine. 
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fiPD8080AF 

Operating Temperature 0°C to +70°C 

Storage Temperature -65°C to +150°C 

All Output Voltages © -0.3 to +20 Volts 

All Input Voltages © -0.3 to +20 Volts 

Supply Voltages Vqc. Vqd and Vss © -0.3 to +20 Volts 

Power Dissipation 1.5W 

Note: (J) Relative to Vbb- 
T a = 25° C 



ABSOLUTE MAX I MUM 
RATINGS* 



♦COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification Is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

T a = 0°C to +70°C, V DD = +1 2V ± 5%, V cc = +5V ± 5%, V B B = ~ 5V ± 5% « V SS = 0V, 
unless otherwise specified. 



DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Clock Input Low 
Voltage 


VlLC 


vss- 1 




V S S + 0.8 


V 




Clock Input High 
Voltage 


VlHC 


9.0 




Vdd + 1 


V 




Input Low Voltage 


VlL 


vss- 1 




Vss + 0.8 


V 




Input High Voltage 


VlH 


3.3 




VfjC + 1 


V 




Output Low Voltage 


vol 






0.45 


V 


lOL = 1-9 m A on all outputs 
l H = -150;uA @ 


Output High Voltage 


V H 


3.7 






V 


Avg. Power Supply 
Current (Vdd) 


'DD(AV) 




40 


70 


mA 


tCY mi" 


Avg. Power Supply 
Current (V(x) 


ICC(AV) 




60 


80 


mA 


Avg. Power Supply 
Current (VgB) 


'BB(AV) 




0.01 


1 


mA 


Input Leakage 


IlL 






±10 <z> 


AlA 


VSS< V|N< Vcc 


Clock Leakage 


"CL 






±io ® 


HA 


VSS<VCL0CK<V D D 


Data Bus Leakage 
in Input Mode 


IDL © 






:; 00 ® 


PA 
mA 


VSS <V|N< V SS + 0.8V 
Vss + 0.8V <V| N <V C C 


Address and Data Bus 
Leakage During HOLD 


IFL 






-100 ^ 


JJA 


VADDR/DATA = Vcc 

vaddr/data= vss + o.45v 



TYPICAL SUPPLY CURRENT VS„ 
TEMPERATURE, NORMALIZED © 




+25 +50 +75 

AMBIENT TEMPERATURE fC) 

Notes: (l) When DBIN is high and V|n > V|(-| internal act,ive pull-up resistors will 
be switched onto the data bus. 
© Minus (-) designates current flow out of the device, 
© Al supply/AT a =i-0.45%/°C. 



T a = 25° C, V CC ■ 


Vdd. = v S s - ov. v 


BB = - 


5V. 




PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Clock Capacitance 


C0 




17 


25 


pF 


f c = 1 MHz 
Unmeasured Pins 
Returned to Vss 


Input Capacitance 


ClN 




6 


10 


pF 


Output Capacitance 


COUT 




10 


20 


pF 



CAPACITANCE 
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AC CHARACTERISTICS 
/^DSOSOAF 



fiPD8080AF 



T a = 0°C to +70° C, V DD = +12V l 5%, Vcc ■ +5V ± 5%, Vbb = -6V ± 5%, Vss " OV, unless otherwise 
specified. 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Clock Period 


tCY© 


0.48 




2.0 


/usee 




Clock Rise and Fall Time 


«r.tf 







50 


nsec 




01 Pulse Width 


t01 


60 






nsec 




02 Pulse Width 


*02 


220 






nsec 




Delay 01 to 02 


*D1 









nsec 




Delay 02 to 01 


tQ2 


70 






nsec 




Delay 01 to 02 Leading Edges 


tQ3 


80 






nsec 




Address Output Delay From 02 


tDA© 






200 


nsec 


C|_= 100 pF 


Data Output Delay From 02 


tDD® 






220 


nsec 


Signal Output Delay From 01 , 
or 02 (SYNC, WR, WAIT, 
HLDA) 


♦DC© 






120 


nsec 


C L - 50 pF 


DBIN Delay From 02 


tDF © 


25 




140 


nsec 


Delay for Input Bus to Enter 
Input Mode 


tDI© 






tDF 


nsec 




Data Setup Time During 01 and 
DBIN 


l DS1 


30 






nsec 




Data Setup Time to 02 During 
DBIN 


tDS2 


150 






nsec 




Data Hold Time From 02 During 
DBIN 


tDH © 


© 






nsec 




INTE Output Delay From 02 


tie © 






200 


nsec 


C|_ = 50 pF 


READY Setup Time During 02 


l RS 


120 






nsec 




HOLD Setup Time to 02 


♦HS 


140 






nsec 




INT Setup Time During 02 
(During 01 in Halt Mode) 


*IS 


120 






nsec 




Hold Time from 02 (READY, 
INT, HOLD) 


<H 









nsec 




Delay to Float During Hold 
(Address and Data Bus) 


«FD 






120 


nsec 




Address Stable Prior to 9VFt 


*AW © 


© 






nsec 


C|_= 100 pF: Address, 

Data 
C|_-50pF: WR", 

HLDA, DBIN 


Output Data Stable Prior to WR" 


t D W © 


<D 






nsec 


Output Data Stable From WR 


*WD © 


© 






nsec 


Address Stable from TOR 


*WA © 


© 






nsec 


HLDA to Float Delay 


tHF© 


© 






nsec 


WR to Float Delay 


tWF © 


© 






nsec 


Address Hold Time after DBIN 
during HLDA 


tAH © 


-20 






nsec 



Notes: © Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time 
is assured. tQ(-| - 50 ns or tQp, whichever is less. 
© Load Circuit. +5V 



/iPD8080AF o_ 
OUTPUT 



I 



150 UA 





Actual tCY " *D3 + *r02 + <02 + l f02 + l D2 + *r01 > *CY Min. 



TYPICAL A OUTPUT DELAY VS. 
A CAPACITANCE 



+20 

> +10 

_i 

Hi 

° o 

D 
a. 

5 -io 

o 
< 

-20 























^-SPEC 













A CAPACITANCE <P«) 
(CACTUAL ~ C SPEC>' 
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pPD8080AF 



T a = 0°C to +70° C, V DD = +12V ± 5%, Vqc " +5V ± 5%, V BB = -5V ±5%, Vss = 0V, unless otherwise AC CH ARACTER ISTICS 

s P ecified - jxPD8080AF-1 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Clock Period 


tCY® 


0.32 




2.0 


tisec 




Clock Rise and Fall Time 


tr.tf . 







25 


nsec 




01 Pulse Width 


t0l 


50 






nsec 




02 Pulse Width 


«02 


145 






nsec 




Delay 01 to 02 


<D1 









nsec 




Delay 02 to 01 


«D2 


60 






nsec 




Delay 01 to 02 Leading Edges 


«D3 


60 






nsec 




Address Output Delay From 02 


tDA© 






150 


nsec 


C|_= 100 pF 


Data Output Delay From 02 


«DD@ 






180 


nsec 


Signal Output Delay From 01, 
or 02 (SYNC, WR, WAIT, 
HLDA) 


*DC© 






110 


nsec 


Cl - 50 pF 


DBIN Delay From 02 


tDF© 


25 




130 


nsec 


Delay for Input Bus to Enter 
Input Mode 


tDI© 






«DF 


nsec 




Data Setup Time During 01 and 
DBIN 


l DS1 


10 






nsec 




Data Setup Time to 02 During 
DBIN 


*DS2 


120 






nsec 




Data Hold Time From 02 During 
DBIN 


tDH© 


© 






nsec 




INTE Output Delay From 02 


tIE© 






200 


nsec 


C|_ = 50 pF 


READY Setup Time During 02 


*RS 


90 






nsec 




HOLD Setup Time to 02 


tHS 


120 






nsec 




INT Setup Time During 02 
(for all modes) 


*IS 


100 






nsec 




Hold Time from 02 (READY, 
INT, HOLD) 


<H 









nsec 




Delay to Float During Hold 
(Address and Data Bus) 


«FD 






120 


nsec 




Address Stable Prior to WR 


«AW © 


© 






nsec 


C|_ = 100 pF: Address, 

Data 
Ct. = 50pF: WR, 

HLDA, DBIN 


Output Data Stable Prior to WR 


*DW @ 


© 






nsec 


Output Data Stable From WR* 


t W D © 


© 






nsec 


Address Stable from w'R 


«WA © 


© 






nsec 


HLDA to Float Delay 


tHF © 


® 






nsec 


WR 1 to Float Delay 


tWF © 


® 






nsec 


Address Hold Time after DBIN 
during HLDA 


tAH © 


-20 






nsec 



Notes Continued: 

@ The following are relevant when interfacing the jiPD8080AF to devices having V|h " 3,3V. 

a. Maximum output rise time from 0.8V to 3.3V = 100 ns at Cl = SPEC. 

b. Output delay when measured to 3.0V - SPEC +60 ns at Cl - SPEC. 

c. If Cl * SPEC, add 0.6 ns/pF if Cl > CsPEC subtract 0.3 ns/pF (from modified delay) if 
Cl < CSPEC- 
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jiPD8080AF 



AC CHARACTERISTICS 
MPD8080AF-2 



T a = 0°C to +70° C, Vqd ! 
specified. 



+12V ± 5%, Vcc = +5V + 5%, Vbb = -SV ± 5%, Vss " 0V, unless otherwise 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Clock Period 


«CY@ 


0.38 




2.0 


jisec 




Clock Rise and Fall Time 


«r.tf 







50 


nsec 




01 Pulse Width 


*01 


60 






nsec 




02 Pulse Width 


<02 


175 






nsec 




Delay 01 to 02 


l D1 









nsec 




Delay 02 to 01 


<D2 


70 






nsec 




Delay 01 to 02 Leading Edges 


l D3 


70 






nsec 




Address Output Delay From 02 


IDA© 






175 


nsec 


Cl= 100 pF 


Data Output Delay From 02 


tDD© 






200 


nsec 


Signal Output Delay From 01, 
or 02 (SYNC, WR, WAIT, 
HLDA) 


tDC© 






120 


nsec 


C L = 50 pF 


DBIN Delay From 02 


tDF© 


25 




140 


nsec 


Delay for Input Bus to Enter 
Input Mode 


tDI © 






tDF 


nsec 




Data Setup Time During 01 and 
DBIN 


«DS1 


20 






nsec 




Data Setup Time to 02 During 
DBIN 


'DS2 


130 






nsec 




Data Hold Time From 02 During 
DBIN 


tDH © 


© 






nsec 




INTE Output Delay From 02 


tlE © 






200 


nsec 


C L = 50 pF 


READY Setup Time During 02 


<RS 


90 






nsec 




HOLD Setup Time to 02 


<HS 


120 






nsec 




INT Setup Time During 02 
(for all modes) 


'IS 


100 






nsec 




Hold Time from 02 (READY, 
INT, HOLD) 


<H 









nsec 




Delay to Float During Hold 
(Address and Data Bus) 


*FD 






120 


nsec 




Address Stable Prior to WR 


«AW © 


<D 






nsec 


C|_= 100 pF: Address, 

Data 
Cl = 50 pF: WR, 

HLDA, DBIN 


Output Data Stable Prior to WR 


tDW © 


© 






nsec 


Output Data Stable From WR 


*WD © 


<2> 






nsec 


Address Stable from W'R 


*WA © 


© 






nsec 


HLDA to Float Delay 


tHF © 


<D 






nsec 


WR to Float Delay 


*WF © 


© 






nsec 


Address Hold Time after DBIN 
during HLDA 


tAH © 


-20 






nsec 



Notes Continued: © 



Device 


*AW 


MPD8080AF 


2tcY-t D 3-t r 02-14O 


jiPD8080AF-2 


2t C Y-tD3-t r 02- 1 3O 


KPD8080AF-1 


2tCY-tD3-t r 02- 1 1° 




Device 


*DW 


/UPD8080AF 


tCY-tD3-*r02- 1 7O 


iuF-DSOSoAF^ 


t CY- t D3- t r02~ 170 


MPD8080AP-1 


*CY - *D3 - *r02 - 1 50 



© If not HLDA, tyvD = l WA " *D3 + V02 + 10 ns - lf HLDA, tyvD " *WA * *WF- 
® *HF = tD3 + <r02 -50 ns. 
® tWF = tD3 + t f 02 - 1 ° n s > 
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I4PD8080AF 



RESET 



READY 




PROCESSOR STATE 
TRANSITION DIAGRAM 



YES 



INT 



•INTE^*"V HOLD 
1["WhV^ 

HOLD I 



HOLD • INT 



SET INTERNAL 
HOLDF/F 




RESET INTERNAL 
HOLD F/F 



RESET HLTA 



SET INTERNAL 
INT F/F 



§INTE F/F is reset if internal INT F/F is set. 
Internal INT F/F is reset if INTE F/F is reset. 
If required, T4 and T5 are completed simultaneously with entering 
hold state. 
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TIMING WAVEFORMS 



© 



(Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V, 
"0" = 1.0V; iNPUTS "1" = 3.3V, "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V.) 



A «"*0 ' 



D 7 D„ ■ 
SYNC 



A 



A 



~-t — — • 



I X ^=jfel T *.'!L M .LJC 



A 



A 



A 



A 



r~\ r~\_A^^~\__AA_ 



"ix: 



x 



rx 



~-< 



^ 



~\. 



txix: 



*-- ^ 



\ 



^r 



■^ 



7^ 



zesxil— : 



_r 



^t 



Notes: © Data in must be stable for this period during DBIN • T 3 . Both t DS1 and t DS 2 must be satisfied. 
© Ready signal must be stable for this period during T 2 or T w . (Must be externally synchronized.) 
© Hold signal must be stable for this period during T 2 or T w when entering hold mode, and during T 3 , T 4 , T 5 and T WH when in hold mode. 

(External synchronization is not required.) 
© Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be recognized in the following instruction. 

(External synchronization is not required.) 
© This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 
© Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V, "0" = 1.0V" INPUTS "1" = 3 3V "0" = 8V- 

OUTPUTS "1" = 2.0V "0" = 8V 



a 

00 

o 

03 

o 

> 




M PD8080AF 



The instruction set includes arithmetic and logical operators with direct, register, 

indirect, and immediate addressing modes. 

Move, load, and store instruction groups provide the ability to move either 8 or 16 

bits of data between memory, the six working registers and the accumulator using 

direct, register, indirect, and immediate addressing modes. 

The ability to branch to different portions of the program is provided with direct, 

conditional, or computed jumps. Also the ability to call and return from subroutines 

is provided both conditionally and unconditionally. The RESTART (or single byte 

call instruction) is useful for interrupt vector operation. 

Conditional jumps, calls and returns execute based on the state of the four testable 

flags (Sign, Zero, Parity and Carry). The state of each flag is determined by the result 

of the last instruction executed that affected flags. (See Instruction Set Table.) 

The Sign flag is set (High) if bit 7 of the result is a "1"; otherwise it is reset (Low). The 

Zero flag is set if the result is "0"; otherwise it is reset. The Parity flag is set if the 

modulo 2 sum of the bits of the result is "0" (Even Parity); otherwise (Odd Parity) it 

is reset. The Carry flag is set if the last instruction resulted in a carry or a borrow out 

of the most significant bit (bit 7) of the result; otherwise it is reset. 

In addition to the four testable flags, the /iPD8080AF has another flag (ACY) that is 

not directly testable. It is used for multiple precision arithmetic operations with the 

DAA instruction. The Auxiliary Carry flag is set if the last instruction resulted in a 

carry or a borrow from bit 3 into bit 4; otherwise it is reset. 

Double precision operators such as stack manipulation and double add instructions 

extend both the arithmetic and interrupt handling capability of the mPD8080AF. 

The ability to increment and decrement memory, the six general registers and the 

accumulator are provided as well as extended increment and decrement instructions to 

operate on the register pairs and stack pointer. Further capability is provided by the 

ability to rotate the accumulator left or right through or around the carry bit. 

Input and output may be accomplished using memory addresses as I/O ports or the 

directly addressed I/O provided for in the mPD8080AF instruction set. 

The special instruction group completes the mPD8080AF instruction set: NOP, HALT 

stop processor execution; DAA provides decimal arithmetic capability; STC sets the 

carry flag; CMC complements it; CMA complements the contents of the accumulator; 

and XCHG exchanges the contents of two 16-bit register pairs directly,, 



INSTRUCTION SET 



Data in the mPD8080AF is stored as 8-bit binary integers. All data/instruction trans- 
fers to the system data bus are in the following format: 

|°7| Del D5l D4l D3 |"2 JDl I Dp I 

MSB DATA WORD LSB 

Instructions are one, two, or three bytes long. Multiple byte instructions must be 
stored in successive locations of program memory. The address of the first byte is used 
as the address of the instruction. 



DATA AND INSTRUCTION 
FORMATS 



One Byte Instructions 








|d 7 |d 6 |d 5 |d 4 |d 3 


|d 2 


|d 1 


hoi 


Two Byte Instructions 


|D 7 Jd 6 ]D 5 |D4 [d 3 


M 


| Dl 


M 


|d 7 | d 6 |d 5 |d 4 |d 3 


|d 2 


Id, 


|D0| 


Three Byte Instructions 


|d 7 [d 6 |d 5 |d 4 JD 3 


|D 2 


|di 


M 


|d 7 |d 6 |d 5 |d 4 |d 3 


|d 2 


l"i 


M 


|d 7 |d 6 |d 5 |d 4 |d 3 


|d 2 


l°i 


|D | 



OPCODE 



OP CODE 
OPERAND 



TYPICAL INSTRUCTIONS 

Register to register, memory 
reference, arithmetic or logical 
rotate, return, push, pop, enable, 
or disable interrupt instructions 

Immediate mode or I/O instruc- 
tions 



OP CODE Jump, call or direct load and 

store instructions 
LOW ADDRESS OR OPERAND 1 

HIGH ADDRESS OR OPERAND 2 
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INSTRUCTION SET TABLE 



/1PD8O8OAF 



MNEMONIC' 


DESCRIPTION 


INSTRUCTION CODE 2 
D 7 D 6 Dg D 4 D 3 D2 D 1 


°0 


SIGN 
ZERO r 
PARITY "^ 
CARRY 


MNEMONIC' DESCRIPTION 


INSTRUCTION CODE 2 
. O7 . Dg D s D4 O3 O2 Dl 


°0 


Clock 
Cvelw 3 


FLAG" 4 

-sis 

« : < < 


MOVE 


LOAD REGISTER PAIR 


MOVd.s 
MOV M,s 
MOV d,M 
MVI d.D8 
MVI M,D8 


Move register 10 register 
Move register to memory 
Move memory to register 
Move immediate to regisie 
Move immediate to memor 


1 d d d s s 
1 1 1 s s 
1 d d d 1 1 
d d d 1 1 
y 1 10 1 1 







5 
7 

7 
10 




LXI B.D16 Load immediate register 

pair BC 
LXI D.D16 Load immediate register 

LXI H.D16 Load immediate reiiistei 

pair HL 
LXISP.DI6 Load immediate Stdck 

Pointer 



10 
1 0. 
1 10 








' 


10 
10 
10 
10 




INCREMENT/DECREMENT 


INRd 
DCRd 
INR M 
DCR M 


Decrement memory 


d d d 1 
d d d 1 
110 10 
1 10 10 




1 



1 


5 • 
5 • 
10 • 
10 • 




PUSH 


PUSH B Push register pair BC 


1 10 1 

110 10 1 

1 110 1 
11110 1 












11 

11 
11 






ALU - 


REGISTER TO ACCUMULATOR 








PUSH D Push register parr DE 
PUSH H Push register pair HL 
PUSH PSW Push A and flags on stac 


1 




ADDS 
ADCs 

SUBS 
SBB s 

ANAs 
XRAs 

ORAs 
CMPs 


Add register to A 
Add register to A with 

Subtract register from A 

with borrow 
AND register with A 
Exclusive OR Register 

with A 
OR register with A 
Compare register with A 


1 s s 

1 1 s s 
1 1 s: s 

1 1 1 s s 
1 1 s s 

1 1 1 s s 
1 1 1 s s 
1 1 1 1 s s 


; 


4 . • 
4 ' • 

4 • 

.4 • i 
4 * • 


• 

• 

• 


POP 


POP B Pop register pair BC off 

POPD Pop register pair DE off 

POP H Pop register pair HL Ofl 

stack 
POP PSW Pop A and flags off stac 


1 1 

110 10 

1110 
11110 










1 
1 

1 


10 

10 

10 
10 






ALU 


- MEMORY TO ACCUMULATOR 








ADDM 
ADC M 

SUBM 
SBB M 

ANA M 
XRA M 

ORA M 
CMPM 


Add memory to A 
Add memory 10 A with 

Subtract memory from A 

AND memory with A 
Exclusive OR memory 
with A 
OR memory with A 


10 11 

10 111 
1 1 11 

10 1111 
10 10 11 

10 10 111 
10 110 11 
10 11111 















7 • « 

7 • « 

7 • e 
7 • • 
7 • • 


• 

• 

: • o 


DOUBLE ADD 


DADB AddBCtoHL 
DAD D AddDEloHL 
DAD H Add HL lo HL 
DADSP Add Stark Pointer to HL 


10 
110 
1 10 
11 1 







1 
1 


10 
10 
10 
10 


• 


INCREMENT REGISTER PAIR 


INX B Increment BC 
INX D Incremeni OE 
INX H Incremeni HL 
INX SP Increment Stack Pointer 



10 
10 
110 


1 
1 
1 
1 


1 

1 
1 


5 
5 
5 
5 






ALU - 


IMMEDIATE TO ACCUMULATOR 








ADI 08 
ACI D8 

SUI D8 
SBI D8 

ANI D8 
XRI D8 

ORI D8 
CPI 08 


Add immediate to A 
Add immediate to A with 

Subtract immediate from A 
Subtract immediate Irom A 

AND immediate with A 
Exclusive OR immediate 

OR immediate with A 
Compare immediate with A 


110 11 

110 111 
1 10 10 11 

110 1111 
1110 11 

1110 111 
11110 11 
1111111 















7 • • 

7 • • 

7 • • 
7 • • 

7 • • 

7 ■ • • 


• 

• 

• 


DECREMENT REGISTER PAIR 


DCX B Decrement BC 
DCX Dectement DE 
DCX H Decrement HL 
DCX SP . Decrement Stack Pointe 


10 
1 10 
10 10 
1. 1 1 


1 
1 
1 


1 
1 


6 
5 
5 
5 




REGISTER INDIRECT. 


STAX B Store A at ADDR in BC 
STAX D Store A at ADDR in DE 
LDAX B Load A at ADDR in BC 
LOAX D Load A at AODR in DE 



1 

00 1 

1 1 


1 
1 









7 
7 




ALU - ROTATE 


DIRECT 


RLC 
RRC 
RAL 
RAR 


Rotate A left. MSB to 

carry 18-bit 1 
Rotate A right. LSB 10 

carry 18-bill 
Rotate A left through 

Rotate A right through 
carry |9-bit> 


1 1 
1 11 
10 11 
1111 


1 
1 


4 
4 

4 




STA ADDR Slore A direct 
LDA ADDR Load A direcl 
SHLDADDR Store HL direct 
LHLD ADDR Load HL direct 


1 10 
1110 
1 0,0 
10 10 


1 
1 

1 







13 
13 
16 
16 




MOVE REGISTER PAIR 


XCHG Exchange DE and HL 
register pairs 

XTHL Exchange top of stack 
andHL 

SPHL HL to Slack Pointer 

PCHL HL to Program Counter 


1110 10 

1110 

I 1 11 1 

II 1 1 


1 

1 




1 

1 
1 


IS 
5 
5 




JUMP 


JMPADOR 
JNZ ADDR 
JZADDR 
JNC ADDR 
JC ADOR 
JPO AODR 
JPE ADOR 
JP AODR 
JMADDR 


Jump unconditional 

Jump on parity odd 
Jump on parity even 


1 10 1 
110 1 
1 10 10 1 
110 10 1 
110 110 1 
1110 1 
1110 10 1 
11110 1 
111110 1 


1 










10 
10 
10 
10 
10 
10 
10 
10 
10 




INPUT/OUTPUT 


IN A Input 

OUT A Output 

El Enable interrupts 

Dl Disable interrupts 

RST A Restart 


110 110 
110 10 
111110 
1 1 11 
1 1 A A A 1 


1 
1 


1 
1 
1 
1 


10 

.10 

4 

11 




CALL 


CALL ADDR 
CNZ ADDR 
CZ ADDR 
CNCADDR 
CC ADOR 
CPO ADOR 
CPE ADDR 
CP ADDR 
CM ADDR 


Call unconditional 
Call on not zero 
Call on zero 
Call on no carry 
Call on carry 
Call on parity odd 

Call on positive 
Call on minus 


110 110 
110 10 
110 110 
110 10 10 
110 1 110 
1110 10 
1110 110 
11110 10 
1111110 












17 
11/17 
11/17 
11/17 
11/17 
11/17 
11/17 
11/17 
11/17 




MISCELLANEOUS 


CMA Complement A 
STC Set cerry 
CMC Complement carry 
DAA Decimal adjust A 
NOP No operation 


10 11 

001101 

1111 
10 1 

1110 1 


1 
1 
1 
1 




1 
1 

1 




4 
4 
4 

4 

7 


1 

cT 


1 0perand Symbols used 

A = 8-bit address or expression 
s ■ source register 
d - destination register 
PSW • Processor Status Word 
SP - Stack Pointer 
D8 - 8-bit data quantity, expressio 
constant, always B2 of instruc 
D16 ■= 16-bit data quantity, expressi 
constant, always B3B2 of inst 
ADDR = 16-bit Memory address expres 


2ddd or sss - 000 B - 001 C - 010 D - 01 1 E 
101 L - 110 Memory - 111 A. 

3 Two possible cycle times 15/1 1 1 indicate 
instruction cycles dependent on condition 

lion 4* , flag affected 
n, or = flag not affected 
uction - flag reset 
sion 1 - Hag set 


- 100 H - 


RETURN 


RET 

RNZ 

RZ 

RNC 

RC 

RPO 

RPE 

RP 

RM 


Return 

Return on not zero 
Return on zero 
Return on no cerry 

Return on parity odd 
Return on parity even 

Return on minus 


110 10 
1 10 

i iooioo 

110 10 

1101100 

1 1 10 
1110 10 
11110 
111110 


1 











10 
5/11 
5/11 
5/11 
5/11 
5/11 
5/11 
5/11 
5/11 
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One to five machine cycles (M-| — M5) are required to execute an instruction. Each 
machine cycle involves the transfer of an instruction or data byte into the processor 
or a transfer of a data byte out of the processor (the sole exception being the double 
add instruction). The first one, two or three machine cycles obtain the instruction 
from the memory or an interrupting I/O controller. The remaining cycles are used to 
execute the instruction. Each machine cycle requires from three to five clock times 
(T1 — T5). During 01 • SYNC of each machine cycle, a status word that identifies the 
type of machine cycle is available on the data bus. 

Execution times and machine cycles used for each type of instruction are shown 
below. 



INSTRUCTION CYCLE 
TIMES 



INSTRUCTION 


MACHINE CYCLES EXECUTED 


CLOCK TIMES 
(MIN/MAX) 


RST X and PUSH RP 


PCR5 SPW3 © SPW3 © 


11 


Alt CALL Instructions 


PCR5 © PCR3 © PCR3 SPW3 © SPW3 © 


11/17 


Conditional TURN 
Instructions 


PCR5 SPR3 © SPR3 @ 


5/11 


RET Instruction 


PCR4 © SPR3 © SPR3 © 


10 


XTHL 


PCR4 © SPR3 © SPR3 © SPW3 © SPW5 © 


18 


DADRP 


PCR4 PCX3 ® PCX3 © 


10 


INR R; INX RP, DCR R; 
DCXRP;PCHL; 
MOVR, R.SPHL 


PCR5 © 


5 


All JUMP Instructions 
and LXI RP 


PCR4 PCR3 © PCR3 © 


10 


POPRP 

LDA 

STA 

LHLD 

SHLD 


PCR4 © SPR3 © SPR3 © 

PCR4 © PCR3 © PCR3 © BBR3 © 

PCR4 © PCR3 © PCR3 © BBW3 © 

PCR4 © PCR3 © PCR3 © BBR3 © BBR3 © 

PCR4 © PCR3 © PCR3 © BBW3 © BBW3 © 


10 
13 
13 
16 
16 


STAX B 
STAX D 
LDAX B 
LDAX D 


PCR4 © BCW3 © 
PCR4 © DEW3 © 
PCR4 © BCR3 © 
PCR4 © DER3 © 


7 
7 
7 
7 


MOV R, M; ADD M; 
ADC M; SUB M; SB B M; 
ANAM;XRAM; 
ORA M; CMP M 


PCR4 HLR3 @ 


7 


INR M and DCR M 


PCR4 © HLR3 © HLW3 © 


10 


MVI M 


PCR4 © PCR3 © HLW3 © 


10 


MVI R;ADI;ACI;SUI; 
SBI; ANI;XRI;ORI;CPI 


PCR4 PCR3 © 


7 


MOV M, R 


PCR4 © HLW3 @ 


7 


El; Dl ADDR; 

ADC R; SUB R; 

SBB R; ANAR.XRA R; 

ORAR.CMPR.RLC; 

RRC;RAL;RAR; 

DAA; CMA; STC; 

CMC; NOP; XCHG 


PCR4 © 


4 


OUT 

IN 

HLT 


PCR4 © PCR3 © ABW3 © 
PCR4 © PCR3 © ABR3 ® 
PCR4 © PCX3 © 


10 
10 

7 



Machine Cycle Symbol Definition 



XX V Z ©*H Status word defining type of machine XX-w- 
1" T | cycle (See Status Word Chert) 



I Number of clocks for this machine cycle 
-»h R - Reed cycle - data into processor 
W • Write cycle — data out of processor 

1 X "No data transfer 
-H PC " Program Counter used as address 



HL = Registers H and L used as address 
BC * Registers B and C used as address 
OG = Registers D and E used as address 
SP ■ Stack Pointer used as address 
BB - Byte 2 and 3 used as address 
AB ■ Byte 2 used as address 



Underlined (XX YZ©) indicetes machine cycle is executed if condition is True. 
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STATUS INFORMATION 
DEFINITION 



SYMBOLS 


DATA BUS BIT 


DEFINITION 


INTA (D 


Do 


Acknowledge signal for INTERRUPT 
request. Signal shou|d be used to gate 
a restart or CALL instruction onto 
the data bus when DBIN is active. 


WO 


Di 


Indicates that the operation in the 
current machine cycle will be a 
WRITE memory or OUTPUT function 
(WO = 0). Otherwise, a READ 
memory or INPUT operation will be 
executed. 


STACK 


D2 


Indicates that the address bus holds 
the pushdown stack address from the 
Stack Pointer. 


HLTA 


D3 


Acknowledge signal for HALT 
instruction. 


OUT 


D 4 


Indicates that the address bus contains 
the address of an output device and 
the data bus will contain the output 
data when WR is active. 


Mi 


D5 


Provides a signal to indicate that the 
CPU is in the fetch cycle for the first 
byte of an instruction. 


INP (T) 


D 6 


Indicates that the address bus contains 
the address of an input device and the 
input data should be placed on the data 
bus when DBIN is active. 


MEMR <D 


D 7 


Designates that the data bus will be 
used for memory read data. 



Note: 



(T) These three status bits can be used to control the flow of data onto the 
MPD8080AF data bus. 



STATUS WORD CHART 



TYPE OF MACHINE CYCLE 




(n) STATUS WORD 
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PACKAGE OUTLINE 
MPD8080AFC 



(PLASTIC) 



0° _ 1 5° ~* " 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.028 MAX 


B 


1.62 MAX 


0.064 MAX 


C 


2.54 ± 0.1 


0.10 ±0.004 


D 


0.5 ±0.1 


0.019 ± 0.004 


E 


48.26 ± 0.1 


1.9 ± 0.004 


F 


1.2 MIN 


0.047 MIN 


G 


2.54 MIN 


0.10MIN 


H 


0.5 MIN 


0.019 MIN 


I 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 TYP 


0.600 TYP 


L 


13.2 TYP 


0.520 TYP 


M 


+0.1 
0-25 "■' 
-0.05 


+0.004 
0.010 

-0.002 




MPD8080AFD 



(CERAMIC) 



ITEM 


MILLIMETERS 


INCHES 


A 


51 .5 MAX 


2.03 MAX 


B 


1.62 MAX 


0.06 MAX 


C 


2.54 ± 0.1 


0.1 ± 0.004 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


48.26 ±0.1 


1 .9 ± 0.004 


F 


1.02 MIN 


0.04 MIN 


G 


3.2 MIN 


0.13 MIN 


H 


1.0 MIN 


0.04 MIN 


I 


3.5 MAX 


0.14 MAX 


J 


4.5 MAX 


0.18 MAX 


K 


15.24 TYP 


0.6 TYP 


L 


14.93 TYP 


0.59 TYP 


M 


0.25 t 0.05 


0.01 ± 0.0019 
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NEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



pPD8085A 
jiPD8085A-2 



/tPD8085A SINGLE CHIP 8-BIT 
N-CHANNEL MICROPROCESSOR 



DESCRIPTION The MPD8085A is a single chip 8-bit microprocessor which is 100 percent software 
compatible with the industry standard 8080A. It has the ability of increasing system 
performance of the industry standard 8080A by operating at a higher speed. Using 
the juPD8085A in conjunction with its family of ICs allows the designer complete 
flexibility with minimum chip count. 

FEATURES • Single Power Supply: +5 Volt, ±10% 

• Internal Clock Generation and 
System Control 

• Internal Serial In/Out Port. 

• Fully TTL Compatible 

•■ Internal 4-Level Interrupt Structure 

• Multiplexed Address/Data Bus for 
Increased System Performance 

• Complete Family of Components for 
Design Flexibility 

• Software Compatible with Industry Standard 8080A 

• Higher Throughput: //PD8085A - 3 MHz 

MPD8085A-2 - 5 MHz 

• Available in Either Plastic or Ceramic Package 



PIN CONFIGURATION 



XiC 


1 


W 


40 


3 


x 2 C 


2 




39 


3 


ROC 


3 




38 


3 


SODC 


4 




37 


3 


SIDC 


5 




36 


3 


TRAPC 


6 




35 


3 


RST 7.5 C 


7 




34 


3 


RST 6.5 C 


8 




33 


3 


RST 5.5 C 


9 




32 


3 


INTRC 


10 


mpd 


31 


3 


IntaC 


11 


8085A 


30 


3 


ADoC 


12 




29 


3 


ADiC 


13 




28 


3 


AD 2 C 


14 




27 


3 


AD 3 C 


15 




26 


3 


AD 4 C 


16' 




25 


3 


AD 5 C 


17 




24 


3 


AD 6 C 


18 




23 


3 


AD 7 C 


19 




22 


3 


vssC 


20 




21 


3 



v C c 

HOLD 

HLDA 

CLK (OUT ) 

RESET IN 

READY 

IO/M 

Sj_ 

RD 

WR 

ALE 

SO 

A15 

A14 

A13 

A12 

All 

A10 

A9 

A 8 
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The MPD8085A contains six 8-bit data registers, an 8-bit accumulator, four testable FUNCTIONAL 

flag bits, and an 8-bit parallel binary arithmetic unit. The juPD8085A also provides DESCR IPTI ON 

decimal arithmetic capability and it includes 16-bit arithmetic and immediate operators 
which greatly simplify memory address calculations, and high speed arithmetic 
operations. 

The /JPD8085A has a stack architecture wherein any portion of the external memory 
can be used as a last in/first out (LIFO) stack to store/retrieve the contents of the 
accumulator, the flags, or any of the data registers. 

The /iPD8085A also contains a 16-bit stack pointer to control the addressing of this 
external stack. One of the major advantages of the stack is that multiple level inter- 
rupts can easily be handled since complete system status can be saved when an inter- 
rupt occurs and then restored after the interrupt is complete. Another major advantage 
is that almost unlimited subroutine nesting is possible. 

The /iPD8085A was designed with speed and simplicity of the overall system in mind. 
The multiplexed address/data bus increases available pins for advanced functions in the 
processor and peripheral chips while providing increased system speed and less critical 
timing functions. All signals to and from the MPD8085A are fully TTL compatible. 

The internal interrupt structure of the juPD8085A features 4 levels of prioritized 
interrupt with three levels internally maskable. 

Communication on both the address lines and the data lines can be interlocked by using 
the HOLD input. When the Hold Acknowledge (HLDA) signal is issued by the pro- 
cessor, its operation is suspended and the address, data and control lines are forced to be 
in the FLOATING state. This permits other devices, such as direct memory access 
channels (DMA), to be connected to the address and data busses. 

The /iPD8085A features internal clock generation with status outputs available for 
advanced read/write timing and memory/IO instruction indications. The clock may be 
crystal controlled, RC controlled, or driven by an external signal. 

On chip serial in/out port is available and controlled by the newly added RIM and SIM 
instructions. 

*V D ° BLOCK DIAGRAM 

FLAO REGISTER 1 1 

BIT7-S:SIGN ■ f f 

BIT6-Z:ZERO 
BITS - 0:ALWAYS"0" 

BIT 3-O:ALWAVS"0" 
BtTO-CYCARRV 



Ilttttlt 


i 


m i 

! I* 

1 




TIMING AND CONTROL 




STATE CNTR | CYCLE CNTR 




OECODER 






~c 



HANOIN/OECREMENTEfl 

i 



-G 



5 



Lr4n 



J DAA ROM 



' INTERNAL DATA BUS IB BUI 



rTTTTT 

'- 1! S 8 a 4 

• IS ►- i- i- £ 
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PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


NAME 


1. 2 


x,,x 2 


Crystal In 


Crystal, RC, or external clock input | 


3 


RO 


Reset Out 


Acknowledge that the processor is being reset to be ! 
used as a system reset 


4 


SOD 


Serial Out Data 


1-bit data out by the SIM instruction 


5 


SID 


Serial In Data 


1-bit data into ACC bit 7 by the RIM instruction 


6 


Trap 


Trap Interrupt 
Input 


Highest priority nonmaskable restart interrupt 


7 
8 
9 


RST7.5 
RST6.5 
RST5.5 


Restart 
Interrupts 


Priority restart interrupt inputs, of which 7.5 is the 
highest and 5.5 the lowest priority 


10 


INTR 


Interrupt 
Request In 


A general interrupt input which stops the PC from 
incrementing, generates INTA, and samples the data 
bus for a restart or call instruction 


11 


INTA 


Interrupt 
Acknowledge 


An output which indicates that the processor has 
responded to INTR 


12-19 


ADo - AD7 


Low 
Address/Data Bus 


Multiplexed low address and data bus 


20 


vss 


Ground 


Ground Reference 


21-28 


A8- A 15 


High Address Bus 


Nonmultiplexed high 8-bits of the address bus 


29,33 


So, Si 


Status Outputs 


Outputs which indicate data bus status: Halt, Write, 
Read, Fetch 


30 


ALE 


Address Latch 
Enable Out 


A signal which indicates that the lower 8-bits of 
address are valid on the AD lines 


31,32 


WR, RD 


Write/Read 
Strobes Out 


Signals out which are used as write and read strobes 
for memory and I/O devices 


34 


IO/M 


I/O or Memory 
Indicator 


A signal out which indicates whether RD or WR 
strobes are for I/O or memory devices 


35 


Ready 


Ready Input 


An input which is used to increase the data and 
address bus access times (can be used for slow 
memory) 


36 


Reset In 


Reset Input 


An input which is used to start the processor activity 
at address 0, resetting IE and HLDA flip-flops 


37 


CLK 


Clock Out 


System Clock Output 


38,39 


HLDA, HOLD 


Hold Acknowledge 
Out and Hold 
Input Request 


Used to request and indicate that the processor should 
relinquish the bus for DMA activity. When hold is 
acknowledged, RD, WR, IO/M, Address and Data 
busses are all 3-stated. 


40 


vcc 


5V Supply 


Power Supply Input 



ABSOLUTE MAXIMUM 
RATINGS* 



DC CHARACTERISTICS 



Operating Temperature C to +70 C 

Storage Temperature -65 C to +150 C 

All Output Voltages , -0.3 to +7 Volts 

All Input Voltages -0.3 to +7 Volts 

Supply Voltage Vcc -0.3 to +7 Volts 

Power Dissipation 1.5W 

T a = 25°C; V C c = ±5V ± 5%, 8085A-2- 

♦COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

T a - 0°C to +70°C, Vcc ■ +5V ± 10%, V$s = GND, unless otherwise specified 




PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 


V S S - 0.5 




V S S + 0.8 


V 




Input High Voltage 


V|H 


2.0 




V C C + 0.5 


V 




Output Low Voltage 


vol 






0.45 


V 


lOL = 2 mA on all outputs 
l O H-- 4 00*iS © 


Output High Voltage 


V H 


2.4 






V 


Power Supply Current (Vcc' 


ICC'AV) 






170 


mA 


t C Y m| n 


Input Leakage 


l|L 






t10<D 


MA 


V|N * VCC 


Output Leakage 


lLO 






±10© 


eA 


0.45V « Vqut < V CC 


Input Low Level, Reset 


VlLR 


-0.5 




+0.8 


V 




Input High Level, Reset 


V|HR 


2.4 




V C C + 05 


V 




Hysteresis, Reset 


VHY 


0.25 






V 





Note: (1/ Minus <-) designates current flow out of the device. 
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T a = 0°C to +70°C; V C c = 5V ± 5%, 8085A-2 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


pPDGOeiA 


(iPO80e»A2 


MIN 


MAX 


MIN 


MAX 


CLK Cvcle Period 


T CYC 


320 


2000 


200 


2000 


ns 


TCYC " 320 "■ 
C L -150pF 

Output Voltages 
V L - 0.8 Volts 
V H - 2.0 Volts 

Input Voltogas 
V L - 0.8 Volts 
V H - 1.5 Volts at 
20 ns rise and fall 

For outputs where 
C L - 150 pf. correct 
as follows. 
26 pf lCL< 150 pf 
-0.10 ns/pf 

160 pf < CL ■- 
300 of '0.30 ns/pf 

with only 
capacitiwe (Pad 


CLK Low Time 


'1 


80 




40 




ns 


CLK High Time 


'2 


120 




70 




ns 


CLK Rise end Fall Time 


V <f 




30 




30 


ns 


Address Hold Time After ALE 


'LA 


100 




50 




ns 


ALE Width 


<LL 


140 




80 




ns 


ALE Low Dunns CLK High 


'LCK 


100 




50 




ns 


Training Edge of ALE to Leading Edge of 


'LC 


130 




60 




ns 


Address Float After Leading Edge of 
ffEAD (INTAI 


tAFR 












n. 


Valid Address to Valid Data In 






575 




350 


ns 


READ lor INTAI to Valid Data 


'RD 




300 




160 


ns 


Data Hold Time Alter READ (INTAI 


'RDH 












ns 


Training Edge of READ to Re-Enabling 
of Address 


'RAE 


150 




90 




ns 


Address <A8-Ai5l Valid After Control © 


'CA 


120 




60 




ns 


Data Valid to Training Edge of WRITE 


'OW 


420 




230 




ns 


Data Valid After Training Edge of WRITE 


<WD 


100 




60 




ns 


Width of Control Low (RO. WR. INTAI 


tCC 


400 




230 




ns 


Training Edge of Control to Leading Edge 
of ALE 


'CL 


50 




25 




ns 


READY Valid from Address Valid 


'ARY 




220 




100 


ns 


READY Setup Time to Leading Edge of CLK 


'RYS 


- 110 




100 




ns 


READY Hold Time 


'RYH 












ns 


HLOA Valid to Training Edge of CLK 


'HACK 


110 




40 




ns 


Bus Float Alter HLDA 


'HABF 




210 




150 


ns 


HLDA to Bus Enable 


'HABE 




210 




150 


ns 


ALE to Valid Data In 


'LDR 




460 




270 


ns 


Control Training Edge to Leading Edge of 
Next Control 


'RV 


400 




220 




ns 


Address Valid to Leading Edge of Control 


'AC 


270 




115 




ns 


HOLD Setuo Time to Training Edge of CLK 


"HDS 


170 




120 




ns 


HOLD Hold Time 


'HDH 












ns 


INT R -Setuo Time to Leading Edge ol CLK 
IM1.T1 onlyl. AlsoHST and TRAP 


'INS 


160 




150 






INTR Hold Time 


IINH 












ns 


X . Falling to CLK Rising 


'XKR 


30 


120 


30 


100 


ns 


X] Falling to CLK Falling 


'XKF 


30 


150 


30 


110 


ns 


Leading Edge of Write to Date Valid 


'WDL 




40 




20 




A 8-1 5 Valid Before Trailing Edge of ALE 


IAL 


115 




60 




ns 


An-7 Valid Before Trailing Edge of ALE 


'ALL 


90 




50 




ns 


ALE to Valid Data During Write 


'LDW 




200 




120 


ns 


ALE to READY Stable 


>LRY 




110 




30 


ns 


A0.7 Valid to Leading Edge of Control 


'ACL 


240 




115 




ns 


Minimum Clock ,n LowH.gh Time 


13.14 


64 




40 




ns 



AC CHARACTERISTICS 



Note: © IO/M. SO, SI 



CLOCKTIMING 




I 






-tCYC" 



READ OPERATION 

T2 I T WA , T 



TIMING WAVEFORMS 



«a r 



!A, QI 



«a: 



H-'LL 
ALE f~ 



'\J1 



i \—l ^_7 V 



i — W- 



^; 



=t 



V~wn\ 
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TIMING WAVEFORMS 
(CONT.) 



AD -AD 7 



^ I ADDRESS JL 

h t'LL H^ tLA-*-fl-*- 



J' 



WRITE OPERATION 

T 2 I T WAIT 



*> — fTTi — v \ — f 



L 



-^tLC*--* 



— l AC- 

-■ *ARY- 



*RYS 



*RYH 



Hf- 



Note: READY must remain stable during setup and hold time. 



pPD8085A 



»WD \i- 



*x«cl 



CLH 

HOLD^ 

HLDA 

BUS* 



^ / ^ f 



jr 



HOLD OPERATION 
T, T.,„, 



U.*i. 



-(* 






en: 



(ADDRESS, CONTROLS) 



HACK 



:>-**• 



> / — s r 



INTR 
*INS 



INTERRUPT TIMING 




AD -7 X ) — (CALL INST^ 

ALE Q 



RD 
fNTS* 



'CI 



^S e 



7" 



BUS FLOATING^ 



-f>- 



-*>- 



*HACK~H *-<fe : "t UAOe 



t r \. 



'habf 

Note:01O/M is also floating during this tint*. 
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PROCESSOR STATE 
TRANSITION DIAGRAM 



Notes: (?) Bl indicates that the bus is idle during this machine cycle. 

(2) CK indicates the number of clock cycles in this machine cycle. 
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CLOCK INPUTS v) As stated, the timing for the jitPD8085A may be generated in one of three ways; 
crystal, RC, or external clock. Recommendations for these methods are shown 
below. 

RC 



Xl X2_ 

it— WV ' 

-I- 10K 



20 pF 



^3 MHz Input Frequency 
RC Resonance 



Clock 
In 



Clock 
In 



Xl 



CRYSTAL 



X2 



C1 



X X 



C2 



1-6 MHz Input Frequency 
Parallel Resonant Crystal 

For 1-6 MHz Input Frequency, 
C1 = C2= 10 pF max. 



For 6-10 MHz Input Frequency, 
EXTERNAL C1 = C2 = 5 pF max. 



Xi 



X 2 



<> 



470 



+5V 



470 



X1 



X 2 



t> 



470 



1-6 MHz 25-50% DC 
X2 not used 



1-6 MHz > 50% DC 




Note: W Input frequency must be twice the internal operating frequency. 

STATUS OUTPUTS The Status Outputs are valid during ALE time and have the following meaning: 

S1 SO 



Halt 








Write 





1 


Read 


1 





Fetch 


1 


1 



These pins may be decoded to portray the processor's data bus status. 
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The/iPD8085A has five interrupt pins available to the user. INTR is operationally the 
same as the 8080 interrupt request, three (3) internally maskable restart interrupts: 
RESTART 5.5, 6.5 and 7.5, and TRAP, a non-maskable restart. 



INTERRUPTS 







RESTART 


PRIORITY 


INTERRUPT 


ADDRESS 


Highest 


TRAP 


24.16 


1 


RST 7.5 


3C1 6 


1 


RST 6.5 


3416 


1 


RST 5.5 


2C 16 


Lowest 


INTR 





INTR, RST 5.5 and RST 6.5 are all level sensing inputs while RST 7.5 is set on a rising 
edge. TRAP, the highest priority interrupt, is non-maskable and is set on the rising edge 
or positive level. It must make a low to high transition and remain high to be seen, but 
it will not be generated again until it makes another low to high transition. 

Serial input and output is accomplished with two new instructions not included in the 
8080: RIM and SIM. These instructions serve several purposes: serial I/O, and reading 
or setting the interrupt mask. 



SERIAL I/O 



The RIM (Read Interrupt Mask) instruction is used for reading the interrupt mask and 
for reading serial data. After execution of the RIM instruction the ACC content is as 
follows: 



SID 


I 
7.5 


I 
6.5 


I 
5.5 


IE 


M 
7.5 


M 
6.5 


M 
5.5 



SERIAL PENDING 

DATA INTERRUPTS 

IN 



INTERRUPT 
MASKS 



INTERRUPT 
ENABLE 

Note: After the TRAP interrupt, the RIM instruction must be executed to preserve the 
status of IE. 

The SIM (Set Interrupt Mask) instruction is used to program the interrupt mask and to 
output serial data. Presetting the ACC for the SIM instruction has the following 
meaning: 



SOD 


SOE 


X 


R 
7.5 


MSE 


M 
7.5 


M 
6.5 


M 
5.5 


I 

SERIAL 






RESET 




I 


-i ' 

RST 


OUT 






RST 7.5 






MASKS 


DATA 




E 


ENABLE 




( 


1 - SET) 


SERIAL 




MJ 


XSK 






OUT 




SET 






DATA 




ENABL 


E 




ENABLE 




<1 = ENAB 


LE) 




(1 = 


= E« 


JAB 


L 


E) 
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INSTRUCTION SET 



DATA AND INSTRUCTION 
FORMATS 



The instruction set includes arithmetic and logical operators with direct, register, 
indirect, and immediate addressing modes. 

Move, load, and store instruction groups provide the ability to move either 8 or 16 bits 
of data between memory, the six working registers and the accumulator using direct, 
register, indirect, and immediate addressing modes. 

The ability to branch to different portions of the program is provided with direct, con- 
ditional, or computed jumps. Also, the ability to call and return from subroutines is 
provided both conditionally and unconditionally. The RESTART (or single byte call 
instruction) is useful for interrupt vector operation. 

Conditional jumps, calls and returns execute based on the state of the four testable 
flags (Sign, Zero, Parity and Carry). The state of each flag is determined by the result 
of the last instruction executed that affected flags. (See Instruction Set Table.) 

The Sign flag is set (High) if bit 7 of the result is a "1"; otherwise it is reset (Low). The 
Zero flag is set if the result is "0"; otherwise it is reset. The Parity flag is set if the 
modulo 2 sum of the bits of the result is "0" (Even Parity); otherwise (Odd Parity) it 
is reset. The Carry flag is set if the last instruction resulted in a carry or a borrow out 
of the most significant bit (bit 7) of the result; otherwise it is reset. 

In addition to the four testable flags, the /L(PD8085A has another flag (ACY) that is 
not directly testable. It is used for multiple precision arithmetic operations with the 
DAA instruction. The Auxiliary Carry flag is set if the last instruction resulted in a 
carry or a borrow from bit 3 into bit 4; otherwise it is reset. 

Double precision operators such as stack manipulation and double add instructions 
extend both the arithmetic and interrupt handling capability of the juPD8085A. The 
ability to increment and decrement memory, the six general registers and the accumu- 
lator are provided as well as extended increment and decrement instructions to 
operate on the register pairs and stack pointer. Further capability is provided by the 
ability to rotate the accumulator left or right through or around the carry bit. 

Input and output may be accomplished using memory addresses as I/O ports or the 
directly addressed I/O provided for in the /uPD8085A instruction set. 

Two instructions, RIM and SIM, are used for reading and setting the internal interrupt 
mask as well as input and output to the serial I/O port. 

The special instruction group completes the juPD8085A instruction set: NOP, HALT 
stop processor execution; DAA provides decimal arithmetic capability; STC sets the 
carry flag; CMC complements it; CMA complements the contents of the accumulator; 
and XCHG exchanges the contents of two 16-bit register pairs directly. 

Data in the juPD8085A is stored as 8-bit binary integers. All data/instruction transfers 
to the system data bus are in the following format: 

|d 7 |d 6 |d s |d 4 |d3|d2|di|do| 

msb data word lsb 

Instructions are one, two, or three bytes long. Multiple byte instructions must be 

stored in successive locations of program memory. The address of the first byte is used 

as the address of the instruction. 




One Byte Instructions 
|O7|D6|DslD4|D3lD2|Dl|D0| 

Two Byte Instructions 
|07|P6|D5|P4JD3lD2lDl 1 D I 
| P 7 | D 6 | D 5 1 D 4 | D 3 1 D 2 | Ol | Dp J 
Three Byte Instructions 



OPERAND 



TYPICAL INSTRUCTIONS 

Register to register, memory 
reference, arithmetic or logical 
rotate, return, push, pop, enable, 
or disable interrupt instructions 

Immediate mode or I/O instruc- 
tions 



D 7 


D 6 


D 5 


D 4 


D3 


D2|D, |D 


D 7 


D 6 


D 5 


D 4 


D 3 


D 2 |Dl|D0 


D 7 


oe 


D 5 


D 4 


D 3 


D2|Pl|P0 



.. _ Jump, call or direct load and 
UP CODE store ms t ruc tions 

LOW ADDRESS OR OPERAND 1 

HIGH ADDRESS OR OPERAND 2 
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INSTRUCTION SET 
TABLE 



MNEMONIC 1 


DESCRIPTION 


INSTRUCTION CODE 2 
D 7 D 6 6 O t O3 D 2 0, 


DO 


FLAGS 4 

, £ tc 

ciot* ; < ; 

Cycles? w n 5 3 


MNEMONIC 1 DESCRIPTION 


INSTRUCTION CODE 2 
D7 Dg D5 D4 D3 O2 Di 


O0 


flags' 1 

> 

2 O - 
Cycles 3 a n 8 


> 
DC 
< 


MOVE 


LOAD REGISTER PAIR 


MOV d.s 
MOV M,s 
MOV d,M 
MVI d,D8 
MVI M,D8 


Move register to register 
Move register to memory 
Move memory to register 
Move immediate to register 
Move immediate to memory 


1 ' d d d 1 
1 11 5 
1 d d d 1 
d d d 1 
1 10 1 


1 
1 
1 







4 
7 
7 
7 
10 




LXI B.D16 Load immediate register 

LXI D.D16 Load immediate register 

pairDE 
LXI H.D16 Load immediate register 

pair HL 
LXI SP.D16 Load immediate Stack 

Pointer 



10 
10 
1 10 








1 

1 
1 


10 
10 
10 
10 




INCREMENT/DECREMENT 


INRd 
DCRd 
INRM 
DCR M 


Increment register 
Decrement register 
Increment memory 
Decrement memory 


d d d 1 
d d d 1 
1 10 1 
1 10 1 










1 



1 


4 • 
10 • 
10 • 




PUSH 


PUSH 8 Push register pair BC 

PUSH D Push register pair DE 

PUSH H Push register pair HL 

on stack 
PUSH PSW Push A and Hags on stac 


1 10 1 

110 10 1 

1110 1 
11110 1 










1 

1 

1 
1 


12 

12 

12 
12 






ALU - 


REGISTER TO ACCUMULATOR 








ADDS 
ADCs 

SUBS 
S8BS 

ANA s 
XRAs 

ORAs 
CMPs 


Add register to A 
Add register to A with 

Subtract register jrom A 
Subtract register from A 

with borrow 
AND register with A 
Exclusive OR Register 

with A 
■ OR register with A 
Compare register with A 


10 0s 

10 1 5 
10 10s 

10 11s 
10 10 0s 

1 1 1 s 

10 110s 

.10 1 1 1 s 




■ 


4 • 

4 • 
4 • 

4 • 
4 • 

4 e 
4 • 


• 

• 

• 


POP 


POP B Pop register pair BC ofl 

POP D Pop register pair DE otf 

POP H Pop register pair HL ofl 

stack 
POP PSW Pop A and flags off stack 


1 10 

110 10 

1 110 
11110 










1 

1 

1 
1 


10 

10 

10 

10 • • • 






ALU 


- MEMORY TO ACCUMULATOR 








ADDM 
ADCM 

SUBM 
SBBM 

ANA M 
XRA M 

ORAM 
CMPM 


Add memory to A 
Add memory to A with 

Subtract memory Irom A 
Subtract memory from A 

with borrow 
AND memory with A 
Exclusive OR memory 

with A 
OR Memory with A 
Compare memory with A 


10 1 

10 1 1 
10 10 1 

10 1 1 1 
10 10 1 

10 10 11 
10 110 1 
10 1111 

















7 • 

7 e 

7 • 
7 • 

7 • 
7 • 
7 • 


• 

• 

• 


DOUBLE ADD 


OADB AddBCIoHL 
DAOD AddDEloHL 
OADH AddHLloHL 
DAOSP Add Stack Pointer to HL 


10 
,1 10 
10 1 
1110 








1 
1 
1 


10 
10 
10 
10 


« 


INCREMENT REGISTER PAIR 


INXB Increment BC 
1NX D Increment DE 
INX H Increment HL 
INX SP Increment Stack Pointer 



10 
10 
110 


1 
1 
1 


1 

1 


6 
6 
E 
6 






ALU - 


MMEOIATE TO ACCUMULATOR 








ADID8 
ACI 08 

SUI 08 
SBI 08 

ANI D8 
XRI D8 

ORI 08 
CPI 08 


Add immediate to A 
Add immediate to A with 

Subtract immediate from A 
Subtract immediate from A 

with borrow 
AND immediate with A' 
Exclusive OR immediate 

with A 
OR immediate with A 
Compare immediate with A 


110 1 

1 1 1 1 

I 10 10 1 

110 111 

II 10 1 

1 110 1 1 
11110 1 
111111 

















7 • 

7 • 

7 • 
7 e 
7 • 


• 

• 

• 


DECREMENT REGISTER PAIR 


DCX 8 Decrement BC 
DCX D Decrement DE 
DCX H Decrement HL 
DCX SP Decrement Slack Pointe 


10 
11 
10 10 

001110 


1 


1 
1 
1 


6 
6 
6 
6 




REGISTER INDIRECT 


STAX B Store A at ADDR in BC 
STAX D Store A ot ADDR in OE 
LDAX B Load A at ADDR In BC 
LDAX D Load A at AODR in DE 



10 
10 
1 10 


1 








7 
7 
7 
7 




ALU - ROTATE 


DIRECT 


RLC 
RRC 
RAL 
RAR 


Rotate A left, MSB to 
carry (8-bit) 
Rotate A right. LSB to 

carry (8-bitl 
Rotate A left through 

carry (9-bit) 
Rotate A right through 

carry (9-bit) 


1 
1 1 
10 1 
111 


1 
1 
1 


1 
1 


4 


• 


STA ADDR Store A direct 
LDAADDR Load A direct. 
SHLD ADDR Store HL direct 
LHLD ADDR Load HL direct 


1 1.00 
1110 
10 
" 1 1 


1 
1 








13 
13 
16 
16 




MOVE REGISTER PAIR 


XCHG Exchange DE and HL 
register pairs 

XTHL Exchange top ot stack 
andHL 

SPHL HL to Stack Pointer 

PCHL HL to Program Counter 


1110 10 

1110 
111110 
1110 10 


1 





1 

1 
1 
1 


4 

16 
6 
6 




JUMP 


JMP ADDR' 
JNZAODR 
JZ ADDR 
JNCADDR 
JC ADDR 
JPO ADDR 
JPE ADDR 
JP ADDR 
JM ADDR 


Jump unconditional ' 

Jump on no carry 
Jump on carry . 
Jump on parity odd 

Jump on positive 


1 10 
110 
110 10 
110 10 
110 110 
1 1 1 
1110 10 
11110 
111110 


1 

1 
1 
1 
1 . 

1 












10 
7/10 
7/10 
7/10 
7/10 
7/10 
7/10 
7/10 
7/10 




INPUT/OUTPUT 


IN A Input 

OUT A Output 

El Enable interrupts 

Dl Disable interrupts. 

RIM Read Interrupt Mask 

SIM Set Interrupt Mask 

RST A Restart 


110 110 
110 10 
111110 
11110 
1 

110 

1 1 A A A 1 


1 
1 
1 
1 





1 

1 
1 
1 




1- 


10 
10 

4 
4 
12 




CALL 


CALL ADDR 
CNZ ADDR 
CZ ADDR 
CNC ADDR 
CC ADDR 
CPO ADDR 
CPE ADOR 
CP ADDR 
CM ADDR 


Call unconditional 
Call on not zero 
Call on zero 
Cell on no carry 

Call on parity odd 
Call on parity even 
Call on positive 


110 11 
1 1 1 
110 11 
110 10 1 
110 111 
1110 1 
1110 11 
11110 1 

111111 













1 











18 
9/1S 
9/18 
9/18 
9/18 
9/18 
9/18 
9/18 
9/18 




MISCELLANEOUS 


CMA Complement A 
STC Set carry 
CMC Complement carry 
DAA Decimal adjust A 
NOP No operation 
HLT Halt 


10 1 1 
110 1 
1111 
10 1 

1110 1 


1 
1 
1 



1 


1 

1 

1 





4 
4 
4 
4 • • • 

4 
5 


Cy 


RETURN 


'Operand Symbols used 

A - 8 bit address or expression 
s - source register 
d ' destination register 
PSW - Processor Status Word 
SP - Stack Pointer 
08 - 8-bit data quantity, expressio 
constent, always B2 of instru 
016 - 16-bit date quantity, express! 
constant, always B3B2 of ins 
ADDR - 16-bit Memory address expre 


2ddd or sss - 000 B - 001 C - 010 D - 01 1 E - 100 H - 
101 L- 110 Memory - 111 A. 

3two possible cycle times 17/101 indicate 
instruction cycles dependent on condition 
flags. 

tion 4 » = flag affected 
an, or - flag not allected 
ruction - Hag reset 
sion 1 - Hag set 




RET 
RNZ 
RZ 
• RNC 
RC 
RPO 
RPE 
RP 
RM 


Return 

Return on not zero 

Return on zero 

Return on carry 
Return on parity odd 

Return on minus 


110 10 
1 10 
110 10 
1 1 10 
110 110 
1110 
1110 10 
1 11 10 
111110 























10 
6/12 
6/12 
6/12 
6/12 
6/12 
6/12 
6/12 
6/12 
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INSTRUCTION CYCLE 
TIMES 



One to five machine cycles (Mi — M5) are required to execute an instruction. Each 
machine cycle involves the transfer of an instruction or data byte into the processor or 
a transfer of a data byte out of the processor (the sole exception being the double add 
instruction). The first one, two or three machine cycles obtain the instruction from the 
memory or an interrupting I/O controller. The remaining cycles are used to execute the 
instruction. Each machine cycle requires from three to five clock times (T1 — T5). 

Machine cycles and clock states used for each type of instruction are shown below. 



INSTRUCTION 


MACHINE CYCLES EXECUTED 


CLOCK STATUS 


TYPE 


MIN/MAX 


MIN/MAX 


ALU R 




4 


CMC 




4 


CM A 




4 


DAA 




4 


DCR R 




4 


Dl 




4 


El 




4 


INR R 




4 


MOV R, R 




4 


NOP 




4 


ROTATE 




4 


RIM 




4 


SIM 




4 


STC 




4 


XCHG 




4 


HLT 




5 


DCX 




6 


INX 




6 


PCHL 




6 


RETCOND. 


1/3 


6/12 


SPHL 




6 


ALU I 


2 


7 


ALUM 


2 


7 


JNC 


2/3 


7/10 


LDAX 


2 


7 


MVI 


2 


7 


MOV M, R 


2 


7 


MOV R, M 


2 


7 


STAX 


2 


7 


CALL COND. 


2/5 


9/18 


DAD 


3 


10 


DCR M 


3 


10 


IN 


3 


10 


INR M 


3 


10 


JMP 


3 


10 


LOAD PAIR 


3 


10 


MVIM 


3 


10 


OUT 


3 


10 


POP 


3 


10 


RET 


3 


10 


PUSH 


3 


12 


RST 


3 


12 


LDA 


4 


13 


STA 


4 


13 


LHLD 


5 


16 


SHLD 


5 


16 


XTHL 


5 


16 


CALL 


5 


18 
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A minimum computer system consisting of a processor, ROM, RAM, and 
I/O can be built with only 3-40 pin packs. This system is shown below with 
its address, data, control busses and I/O ports. 



MPD8085A FAMILY MINIMUM 
SYSTEM CONFIGURATION 



INTERRUPTS 



io/ra 



INTR- 
INTA 




]_LL1 



PORTA 
I 



RESET IN 



MPD808SA PROCESSOR 



SID SOD SI SO 



16 < Itt U - oc o s i i £ 



i r 



PORTC 

I 



PA - 



AD 



■ PA 7 PC 



PCg PBq 



PB 7 



MPD8156 RAM-I/O (256 X 8) 



Hi ,'?</> 

• AD7 u < locIS - ec 



FEATURES OF tf PD808BA 


MINIMUM SYSTEM 


2K - BYTE ROM 


256 - BYTE RAM 


1- INTERVAL TIMER 


4 - 8-BIT I/O PORTS 


1 - 6-BIT l/O-STATUS 


4- INTERRUPT LEVELS 



TIMER 

IN 



TIMER 
OUT 



uj o o) a m a > sieciQ 

u r<<m J05* e 

< E u £ o '* 



ALE AD - 



AD7 



MPD8355 ROM-I/O 
MPD8755A PROM-I/O 2K X 8 



PA - 



PA 7 



PB - 



PB7 
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PACKAGE OUTLINE 
MPD8085AC 



i-L 



-|Bh- 



IflJ 



I J 
L_ 
G 



-|C|- 
E- 



0° - 15 * 4 



Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 + 0.1 


0.10 + 0.004 


D 


0.5 + 0.1 


0.019 + 0.004 


E 


48.26 


1.9 


F 


1.2MIN 


0.047 MIN 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.019 MIN 


I 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 


L 


13.2 


0.520 


M 


+ 0.1 
0.05 


+ 0.004 

0.010 n 

0.002 



MPD8085AD 



,1; 





— —jet— —\\— 



-t 



V- 



E 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.03 MAX 


B 


1 .62 MAX 


0.06 MAX 


C 


2.54 ± 0.1 


0.1 + 0.004 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


48.26 ± 0.1 


1 .9 ± 0.004 


F 


1.02 MIN 


0.04 MIN 


G 


3.2 MIN 


0.13 MIN 


H 


1.0 MIN 


0.04 MIN 


I 


3.5 MAX 


0.14 MAX 


J 


4.5 MAX 


0.18 MAX 


K 


15.24TYP 


0.6 TYP 


L 


14.93 TYP 


0.59 TYP 


M 


0.25 ± 0.05 


0.01 ± 0.0019 



8085ADS-R E V3-1 -82-CAT 
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pPD8086 
fiPD8086-2< 



1 6-BIT MICROPROCESSOR 

DESCRIPTION The /iPD8086 is a 16-bit microprocessor that has both 8-bit and 16-bit attributes. It 
has a 16-bit wide physical path to memory for high performance. Its architecture 
allows higher throughput than the 5 MHz juPD8085A-2. 



FEATURES • Can Directly Address 1 Megabyte of Memory 

• Fourteen 16-Bit Registers with Symmetrical Operations 

• Bit, Byte, Word, and Block Operations 

• 8-,and 16-Bit Signed and Unsigned Arithmetic Operations in Binary or Decimal 

• Multiply and Divide Instructions 

• 24 Operand Addressing Modes 

• Assembly Language Compatible with the /uPD808078085 

• Complete Family of Components for Design Flexibility 



PIN CONFIGURATION 



GND 


c 


1 


^y ~ 


40 


3 v C c 




AD14 


c 


2 




39 


3 AD15 




AD13 


c 


3 




38 


3 A16/S3 




AD12 


c 


4 




37 


3 A17/S4 




AD11 


c 


5 




36 


3 A18/S5 




AD10 


c 


6 




35 


"JA19/S6 




AD9 


c 


7 




34 


3BHE/S7 




AD8 


c 


8 




33 


D MN/R5? 




AD7 


c 


9 




32 


3 RD 




AD6 


c 


10 


MPD8086 


31 


3 HOLD 


(RT5/GT0) 


AD5 


c 


11 


CPU 


30 


3 HLDA 


(RQ/GT1) 


AD4 


c 


12 




29 


3 WR 


(LOC"K) 


AD3 


c 


13 




28 


3 M/IO 


(§1) 


AD2 


c 


14 




27 


3 DT/R 


(§7) 


AD1 


c 


15 




26 


3-BEH 


(§5) 


ADO 


c 


16 




25 


3 ALE 


(QSO) 


NMI 


c 


17 




24 


3 inTa 


(QS1) 


INTR 


c 


18 




23 


3 TEST 




CLK 


c 


19 




22 


3 READY 




GND 


c 


20 




21 


3 RESET 





E 



"Preliminary 
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1 NO. 


SYMBOL 


NAME 


FUNCTION 


2-16,39 


AD0-AD15 


Address/Data Bui 


Multiplexed address (T1) and data (T2, T3, Tyy, T4) bus. 
8-bit peripherals tied to the lower 8 bits, use AO to condition 
chip select functions. These lines are trl-state during Interrupt 
acknowledge and hold stetes. 


17 


NMI 


Non-Maskable 
Interrupt 


This is an edge triggered input causing a type 2 interrupt. A 
look-up table Is used by the processor for vectoring 
information. 


18 


INTR 


Interrupt Requeit 


A level triggered input sampled on the last clock cycle of 
each Instruction. Vectoring Is vie an interrupt look-up table. 
INTR can mask in software by resetting the interrupt enable 
bit. 


19 


CLK 


Clock 


The clock input is a 1/3 duty cycle input basic timing for the 
processor and bus controller. 


21 


RESET 


Reset 


This ectlve high signal must be high for 4 clock cycles. When 
it returns low, the processor restarts execution. 


22 


READY 


Ready 


An acknowledgement from memory or I/O that data will be 
transferred. Synchronization is done by the »jPD8284 clock 
generator. 


23 


TEST 


Test 


This Input Is examined by the "WAIT" Instruction, and If 
low, execution continues. Otherwise the processor waits In an 
"Idle" stete. Synchronized by the processor on the leading 
edge of CLK. 


24 


InTa" 


Interrupt 
Acknowledge 


This Is a read strobe for reading vectoring information. 
During T2, T3, and Tyy of each Interrupt acknowledge 
cycle It is low. 


25 


ALE 


Address Latch Enable 


This Is used in conjunction with the »PD8282/8283 latches 
to latch the address, during T1 of eny bus cycle. 


26 


dIn 


Data Enable 


This is the output enable for the MPD8282/8287 transceivers. 
It is ectlve low during each memory and I/O access and 
I NTA cycles. 


27 


DT/R 


Data Transmit/Receive 


Used to control the direction of data flow through the 
transceivers. 


28 


M/T5 


Memory/IO Status 


This is used to separate memory access from I/O access. 


29 


wR 


Write 


Depending on the state of the M/T?f line, the processor is 
either writing to I/O or memory. 


30 


HLDA 


Hold Acknowledge 


A response to the HOLD input, causing the processor to 
trl-stete the local bus. The bus return active one cycle after 
HOLD goes back low. 


31 


HOLD 


Hold 


When another device requests the local bus, driving HOLD 
high, will cause the /1PD8O86 to issue a HLDA. 


32 


RD 


Read 


Depending on the state of the M/IO line, the processor is 
reading from either memory or I/O. 


33 


MN/M5? 


Minimum/Maximum 


This input Is to tell the processor which mode.it is to be used 
in. This effects some of the pin descriptions. 


34 


BTFe7S 7 


Bus/High Enable 


This Is used in conjunction with the most significant half of 
the data bus. Peripheral devices on this half of the bus use 
SHE to condition chip select functions. 


35-38 


A16-A19 


Most Significant 
Address Bits 


The four most significant address bits for memory opera- 
tions. Low during I/O operations. 


26, 27, 28 
34-38 


S0-S7 


Status Outputs 


These are the status outputs from the processor. They are 
used by the *iPD8288 to generate bus control signals. 


24.25 


QS1 , QSo 


Que Status 


Used to track the Internal *iPD8086 instruction que. 


29 


LOCK 


Lock 


This output is set by the "LOCK" instruction to prevent 
other system bus masters from gaining control. 


30,31 


R3/55 
RQ/GTi 


Request/Grant 


Other local bus masters can force the processor to rebate 
the local bus at the end of the current bus cycle. 



PIN IDENTIFICATION 
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BLOCK DIAGRAM 



EXECUTION UNIT 



REGISTER FILE 



DATA, 

POINTER, AND 

INDEX REGS 

(8 WORDS) 



TEST- 
INT- 
NMI- 



RO/GT 01 Aj\ 



HOLD- 
HLDA- 






16-BIT ALU 



FLAGS 



BUS INTERFACE UNIT 

I RELOCATION I 
REGISTER FILE 



i£ 



SEGMENT 

REGISTERS 

AND 

INSTRUCTION 

POINTER 

(5 WORDS) 






BUS 

INTERFACE 

UNIT 



H 






bhe/s7 
9/se 



6/S3 

AD 15 -AD 
INTA.RD.WR 



DT/R, DEN, ALE 



6-BYTE 

INSTRUCTION 

QUEUE 



CONTROL & TIMING 



ZT^QSq, 



LOCK 

QS! 



r? 



HOs 2 ,s 1 ,s 



CLK RESET READY MN/MX ° ND 



E3 
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Operating Temperature 0°C to 70°C ABSOLUTE MAXIMUM 

Storage Temperature -65°C to +150°C RATINGS* 

Voltage on Any Pin with Respect to Ground -1 .0 to +7V 

Power Dissipation 2.5W 



T a = 25 C 



•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device - 
reliability. 



T a = 0°C to 70°C; VrjC = 5V ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


Input Low Voltage 


V|L 


-0.5 


+0.8 


V 




Input High Voltage 


V| H 


2.0 


Vcc + 0.5 


V 




Output Low Voltage 


vol 




0.45 


V 


'OL = 2.5 mA 


Output High Voltage 


VOH 


2.4 




V 


'OH =-400a<A 


Power Supply Current 

HPD8086/ 

MPD8086-2 


•cc 




340 
350 


mA 

mA 


T a = 25° C 


Input Leakage Current 


"LI 




±10 


MA 


0V<V| N <VCC 


Output Leakage Current 


lLO 




±10 


ma 


0.45V < VOUT < VCC 


Clock Input Low Voltage 


VCL 


-0.5 


+0.6 


V 




Clock Input High Voltage 


VCH. 


3.9 


Vcc + 1-0 


V 




Capacitance of Input Buffer 
(All input except 
AD0-AD15, RQ/GT) 


C|N 




15 


pF 


fc = 1 MHz 


Capacitance of I/O Buffer 
(AD -AD15,RQ/GT) 


C|0 




15 


pF 


fc = 1 MHz 



DC CHARACTERISTICS 
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AC CHARACTERISTICS 

MINIMUM COMPLEXITY 
SYSTEM 



MPD8086: T a = 0°C to 70° C; V cc = 5V ± 10% 



TIMING REQUIREMENTS 



PARAMETER 


SYMBOL 


uPD8086 


HPD8086-2 (Preliminary) 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


MIN 


MAX 


CLK Cycle Period - J1PD8O86 


TCLCL 


200 


600 


125 


500 


ns 




CLK Low Time 


TCLCH 


(2/3 TCLCL) -15 




(2/3 TCLCL) -16 




ns 


CLK High Time 


TCHCL 


(1/3 TCLCL) +2 




(1/3 TCLCL) +2 




ns 


CLK Rise Time 


TCH1CH2 




10 




10 


ns 


From 1.0V to 3.5V 


CLK Fall Time 


TCL2CL1 




10 




10 


ns 


From 3.5V to 1.0V 


Data In Setup Time 


TDVCL 


30 




20 




ns 




. Data In Hold Time 


TCLDX 


10 




10 




ns 


RDY Setup Time Into uPD8284 
©® 


TR1VCL 


35 




35 




ns 


RDY Hold Time Into UPD8284 
.0© 


TCLR1X 












ns 


READY Setup Time into (1PD8O86 


TRYHCH 


(2/3 TCLCL) -15 




12/3 TCLCL) -15 




ns 


READY Hold Time Into /jPD8086 


TCHRYX 


30 




20 




ns 


READY Inactive to CLK 
® 


TRYLCL 


-8 




-8 




ns 


HOLD Setup Time 


THVCH 


35 




20 




ns 


INTR, NMI, TEST Setup Time 
© 


TINVCH 


30 




15 




ns 


Input Rise Time 


TILIH 




20 






ns 


From 0.8V to 2.0V 


Input Fall Time 


TIHIL. 




12 






n, 


From 2.0V to 0.8V 



TIMING RESPONSES 



TIMING RESPONSES 



PARAMETER 


SYMBOL 


UPD8088 


UPD80S8-2 (Pralimlnaiy) 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


MIN 


MAX 


Address Valid Delay 


TCLAV 


10 


110 


10 


60 




C L - 20-100 pF for 


Address Hold Time 


TCLAX 


10 




10 




ns 


Addres* Floet Delay 


TCLAZ 


TCLAX 


80 


TCLAX 


50 


ns 


ALE Width 


TLHLL 


. TCLCH-20 




TCLCH-10 




ns 


ALE Active Delay 


TCLLH 




80 




BO 


ns 


ALE Inactive Delay 


TCHLL 




86 




65 


ns 


Address Hold Time to ALE Inactive 


TLLAX 


TCHCL-10 




TCHCL-10 




ns 


Data Valid Delay 


TCLDV 


10 


110 


10 


60 


ns 


Data Hold Time 


TCHDX 


10 




10 




ns 


all pPD8086 Outputs 
(In addition to 
MPD8O86 Hlf-load) 


Data Hold Time After WR 


TWHDX 


TCLCH-30 




TCLCH-30 




ns 


Control Active Delay 1 


TCVCTV 


10 


110 


10 


70 


ns 


Control Active Delay 2 


TCHCTV 


10 


110 


10 


60 


ns 


Control Active Delay 


TCVCTX 


10 


110 


10 


70 


ns 


Address Float to READ Active. 


TAZRL 












ns 


RD Active Delay 


TCLRL 


10 


166 


10 


100 


nt 


RD Inactive Delay 


TCLRH 


10 


150 


10 


80 


ns 


RD Inactive to Next Address Active 


TRHAV 


TCLCL-45 




TCLCL-40 




ns 


HLDA Valid Delay 


TCLHAV 


10 


160 


10 


100 


ns 


RD Width 


TRLRH 


2TCLCL-75 




2TCLCL-50 




ns 


WR Width 


TWLWH 


2TCLCL-60 




2TCLCL-40 




ns 


Address Valid to ALE Low 


TAVAL 


TCLCH-60 




TCLCH-40 




ns 


Output Rise Time 


TOLOH 




20 






n. 


From 0.8V to 2.0V 


Output Fall Time 


TOHOL 




12 






ns 


From 2.0V to 0.8V 



NOTES: (J) Signal at uPD8284 shown for reference only. 

@ Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
© Applies only to T2 state. (8 ns Into T3) 



B 
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CLK 18284 Output) 



BHE/S7,A19/S6-Ai 6 /S3 



RDY (8284 Input) 
©© 



READY (8086 Input) 



X 



/ 



jt\ n Jr 

HCTV "" 



X 



x 



jT^\—Jr~\ 



— ■■ (-W-TCLR1 



TIMING WAVEFORMS 

Minimum Complexity 
Systems (§) 



READ CYCLE 

© 

(WR. INTA- VqhI 




X 



X 
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TIMING WAVEFORMS 



Minimum Complexity 
Systems (Con't.) © 



CLKI8284 OUTPUT) 



BH1/S 7 ,A19/S6-A16/S 3 



WRITE CYCLE I den 

© 

(BD, INTA, 
DT/R- VqhI 



•» TCLCL ».TCH1CH2»-| Urn -»J |» TCL2CL1 i 



INTA CYCLE 

0.®. 

(RD, WR - VOH 

BHE" Vql) 



SOFTWARE HALT 
D6N.RD.WR.INTA = V 0H 




SOFTWARE HALT 



NOTES: (J) All signals switch between Voh ana Vol unless otherwise specified. 

(2) RDY is sampled near the end of T2, T3, Tw to determine if Tyy 
machines states are to be inserted. 

(3) Two INTA cycles run back-to-back. The^PD8086 local ADDR/Data Bus is 
floating during both INTA cycles. Control signals shown for second INTA 
cycle. 

@ Signals at juPD8284 are shown for reference only. 

(§) All timing measurements are made at 1 .5V unless otherwise noted. 
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TIMING WITH <iPB8288 BUS CONTROLLER 



TIMING REQUIREMENTS 



PARAMETER 


SYMBOL 


uPD8086 


HPD80B62 (Prelim 


inary) 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


MIN 


MAX 


CLK Cycle Period - jjPD8086 


TCLCL 


200 


500 


125 


500 


n» 




CLK Lov» Time 


TCLCH 


(2/3 TCLCL] -15 




(2/3 TCLCL) -15 




ns 


CLK High Time 


TCHCL 


(1/3 TCLCL] +2 




11/3 TCLCL) +2 




ns 


CLK Rise Time 


TCH1CH2 




10 




10 


ns 


From 1.0V to 3.5V 


CLN Fall Time 


TCL2CL1 




10 




10 


ns 


From 3.5V to 1.0V 


Data in Setup Time 


TDVCL 


30 




20 




ns 




Data in Hold Time 


TCLDX 


10 




10 




ns 


RDY Setup Time into uPD8284 
©© 


TR1VCL 


35 




35 




ns 


RDY Hold Time into»iPD8284 
©.© 


TCLR1X 












ns 


READY SBtup Time into uPD8086 


TRYHCH 


(2/3 TCLCL] -15 




12/3 TCLCL) -15 




ns 


READY Hold Time intouPD8086 


TCHRYX 


30 




20 




ns 


READY inactive to CLK 
© 


TRYLCL 


-8 




-a 




ns 


Setup Time for Recognition 
(INTR, NMI, TEST) @ 


TINVCH 


30 




15 




ns 


RQ/GT Setup Time 


TGVCH 


30 




15 




ns 


RQ Hold Time into «PD8086 


TCHGX 


40 




30 




ns 


Input Rise Time 


TILIH 




20 






ns 


From 0.8V to 2.0V 


Input Fall Time 


TIHIL 




12 






ns 


From 2.0V to 0.8V 



MAXIMUM MODE SYSTEM 
With /xPB8288 
Bus Controller 



TIMING RESPONSES 



PARAMETER 


SYMBOL 


uPDBOBB 


MPD8088-2 (Preliminary) 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


MIN 


MAX 


Commend Active Delay 
(See Note 1) 


TCLML 


10 


35 


10 


36 


"' 


C L - 20-100 pF for 
all J1PD8086 Outputs 
(In addition to 
uPD8086 self-load) 


Command Inactive Delay 
(See Note 1 ) 


TCLMH 


10 


35 


10 


35 


n. 


READY Active to Status Passive 
(See Note 3) 


TRYHSH 




110 




65 


ns 


Status Active Delay 


TCHSV 


10 


110 


10 


60 


ns 


Status Inactive Delay 


TCLSH 


10 


130 


10 


70 


ns 


Address Valid Delay 


TCLAV 


10 


110 


10 


60 


ns 


Address Hold Time 


TCLAX 


10 




10 




ns 


Address Float Delay 


TCLAZ 


TCLAX 


80 


TCLAX 


60 


ns 


Status Valid to ALE High 
(See Note 1 ) 


TSVLH 




15 




16 


ns 


Status Valid to MCE High 
(See Note 1 ) 


TSVMCH 




15 




15 


n. 


CLK Low to ALE Valid 
(See Note 1 ) 


TCLLH 




16 




15 


n. 


CLK Low to MCE High 
(See Note 1 ) 


TCLMCH 




15 




15 


ns 


ALE Inactive Delay (See Note 1 } 


TCHLL 




15 




15 


ns 


MCE Inactive Delay (See Note 1) 


TCLMCL 




15 




15 


ns 


Data Valid Delay 


TCLDV 


10 


110 


10 


60 


ns 


Data Hold Time 


TCHDX 


10 




10 




ns 


Control Active Delay (See Note 1 ) 


TCVNV 


5 


45 


5 


45 


ns 


Control Inactive Delay 
(See Note 1 ) 


TCVNX 


10 


46 


10 


45 


n, 


Address Float to Read Active 


TAZRL 












ns 


RD Active Delay 


TCLRL 


10 


16S 


10 


100 


ns 


RD Inactive Delay 


TCLRH 


10 


160 


10 


80 


ns 


RD Inactive to Next Address Active 


TRHAV 


TCLCL-45 




TCLCL-40 




ns 


Direction Control Active Delay 
(See Note 1 ) 


TCHDTL 




50 




60 


n. 


Direction Control Inactive Delay 
(See Note 1 ) 


TCHDTH 




30 




30 


n. 


GT Active Delay 


TCLGL 





86 





50 


ns 


GT Inactive Delay 


TCLGH 





85 





50 


ns 


RD Width 


TRLRH 


2TCLCL-60 




2TCLCL-S0 




n. 


Output Rise Time 


TOLOH 




20 






ns 


From 0.8V to 2.0V 


Output Fall Time 


TOHOL 




12 






n. 


From 2.0V to 0.8V 



NOTES: <T) Signal at L.PB8284 or mPB8288 shown for reference only. 

@ Setup requirement for asynchronous signal only to guarentee recognitk 
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TIMING WAVEFORMS 

Maximum Mode 
System Using 
MPB8288 Controller (7) 



T1 T2 T3 T4 

rCH1CH2-» (-« ^ ««TCL2CL1 _ 

,,-„ — TCLCL — T W 



52.ri.56 (EXCEPT HALT! 



f BH§/S7, A19/S6-A16/S3 



ALE (8288 OUTPUT) 



RDY (8284 INPUT) 



READ CYCLE © 



MROC OR IORC 



8288 OUTPUTS 
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TIMING WAVEFORMS 
Maximum Mode 
System Using 
MPB8288 Controller 
(Con't.) ® 



S2.§1 .So (EXCEPT HALT) 



WRITE CYCLE © 



8288 OUTPUTS ® ® / ^ QR g^ 



I NT A CYCLE © 



AD15-AD0 

(SEE NOTES 3 ft 4) 



8288 OUTPUTS 



jn^jn^n^j^K 



PDEN TCLMCH-w 

DT/R" 



SOFTWARE HALT - 

(den - v l; SB. mroc, iorc". Biwfc, aTBWc*. i3Sc\ 

AIOWC, iNTA, - V QH ) 




* 



INVALID ADDRESS 



\. 



s 



NOTES: © All llgnall twitch batwotn Voh »nd VOL ■«*•■ otharwlta tKHM. 
© RDY it tamplad naar tht md of T2, T3, Tw to datarmina K T»u 

machinal ttatti art to ba irnartad. 
© Caictdt tddrau It wild bttwitn tint and ncond INTA cyda. 
© Two INTA cyctei run back-to-back. Tha 8086 tool ADDR/Data But It 

floating during both INTA cyclof. Control for pofntar t rtd iaai 

li ohown for wcond INTA cycta. 
® Slgtwll at 8284 or 8288 art tflown for i t f t um* only. 
® Tht InutiKt of tht 8288 command m d contr ol lignite IMRDC, 

MWTC, AMWC. IORC, IOWC. AIOWC. INTA and OENI lagt tha actlw high 

8288 CEN. 
© All timing maaturamentt Mt mada at 1 .BV tin l a n otharwl t a notad. 
® Statut Iructlvi In Rata luR prior to T4. 
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ASYNCHRONOUS SIGNAL 
RECOGNITION 



NMI 



INTR 



CLK 



> SIGNAL 



f4PD8086 



^jT\ 



X 



TINVCH 



NOTE: (T) Setup requirements for asynchronous signals only to guarantee recognition 
at next CLK. 



BUS LOCK SIGNAL TIMING 



-m ANY CLK' H (-*- 

CYCLE. I 



LOCK 



\ 



■TCLAV 



•ANY CLK — mA 
CYCLE I 



-TCLAV 



/ 



REQUEST/GRANT SEQUENCE 
TIMING* 




NOTE : (T) The coprocessor may not drive the buses outside the region shown without 
risking contention. 

*for Maximum Mode only 
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HOLD/HOLD ACKNOWLEDGE 
TIMING* 



"for Minimum Mode only 



nnnnnnnnnnnnnnnnnnn n 



UUUUUUUUUUUUUUUUUUUU 



PACKAGE OUTLINE 

MPD8086D 

Cerdip 




s HK*-o.o5 Hr 



8086DS-REV1-82-CAT 
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NEC 

NEC Electronics USA Inc. 

Microcomputer Division 



M PD8088 

HIGH-PERFORMANCE 

8-BIT MICROPROCESSOR 



Description 

The nPD8088 is a powerful 8-bit microprocessor that is 
software-compatible with the mPD8086. The nPD8088 
has the same bus interface signals as the mPD8085A, 
allowing it to interface directly with multiplexed bus 
peripherals. The mPD8088 has a 20-bit address space 
which can be divided into four segments of up to 64K 
bytes each. 
Features 

□ 8-bit data bus interface 

□ 16-bit internal architecture 

□ Addresses 1 M-byte of memory 

□ Software-compatible with the 8086 

□ Provides byte, word, and block operations 

□ Performs 8- and 16-bit signed and unsigned arith- 
metic in binary and decimal 

D Multiply and divide instruction 

□ Directly interfaces to 8155, 8355, and 8755A multi- 
plexed peripherals 

□ 40-pin DIP 



Pin Configuration 



GNDC 1 
A14C 2 
A13C 3 
A12£ 4 
A11C 5 
A10C 6 
A9C 7 
M\Z 8 
AD7|Z 9 
AD6C 10 
AD5C 11 
AD4 C 12 
AD3Q 13 
A02C 14 
AD1Q 15 
AD0[Z 16 
NMICI 17 
INTRQ 18 
CLK \Z 19 
GNDd 20 



\/ 



8088 
CPU 



Mln 
Mode 



40 HVCC 
39 HA15 
38Z1A16/S3 
37 3 A17/S4 
36 UA18/S5 
35 3 A19/S6 
34 U 555 
33 3 MUlW. 
32 HUB 
31 3 HOLD 
30 3 HLDA 
29 DWR 
28 3 IO/M" 
27 U DT/R 
26 UDEN 
25 3 ALE 
24 HiFTfA 
23HTEST 
22 3 READY 
21 PRESET 



| Max ) 
JMode.f 



(RG/5T0) 

(HO/STl) 

(LOCK) 

(§2) 

(§T) 

(§0) 

(QS0) 

(QS1) 



Pin Identification 




No. 


Symbol 


Nam* 


Function 


1,20 


GND 


Ground 




2-8, 
35-39 


A 19" A 8 


Most significant 
address bits 


Most significant bits for memory operations. 


9-16 


ADy-ADQ 


Address/Data bus 


Multiplexed address and data bus. 8-blt periph- 
erals tied to these bits use An to condition chip 
select functions. These lines are trl-state during 
hold and Interrupt acknowledge states. 


17 


NMI 


Non-maskable 
Interrupt 


This edge-triggered Input causes a type 2 Inter- 
rupt. The processor uses a lookup table for vec- 
toring Information. 


18 


INTR 


Interrupt request 


This Is a level-triggered Interrupt sampled on the 
last clock cycle of each Instruction. A lookup 
table Is used for vectoring. INTR can be masked 
by software by resetting the Interrupt enable bit. 


19 


CLK 


Clock 


The clock Is a 1/3 duty cycle Input providing 
basic timing for the processor and bus 
controller. 


21 


RESET 


Reset 


This active high signal must be high for 4 clock 
cycles. When It returns low, the processor 
restarts execution. 


22 


READY 


Ready 


An acknowledgement from memory or I/O that 
data will be transferred. Synchronization is done 
by the pPD8284 clock generator. 


23 


TEST 


Test 


This Input is examined by the "WAIT" instruc- 
tion and if low, execution continues. Otherwise 
the processor waits In an "Idle" state. Synchro- 
nized by the processor on the leading edge of 
CLK. 


24 


JNTA 


Interrupt 
Acknowledge 


This is a read strobe for reading vectoring infor- 
mation. During T2, T3, and Tyy of each Interrupt 
acknowledge cycle It Is low. 


25 


ALE 


Address Latch 
Enable 


Used with the mPD8282/8283 latches to latch the 
address during T-) of any bus cycle. 


24,25 


QSi, QSo 


Queue Status 


(Max Mode) Tracks the Internal |iPD8088 instruc- 
tion queue. 


26 


DEN 


Data Enable 


This Is the output enable for the pPD8286/8287 
transceivers. It Is active low during memory and 
I/O access and INTA cycles. 


27 


DT/R 


Data Transmit/ 
Receive 


Controls the direction of data flow through the 
transceivers. 


28 


IO/M 


I/O/Memory 
Status 


Separates memory access from I/O access. 


29 


WR 


Write 


The processor is writing to memory or I/O, 
depending on the state of the IO/M line. 


29 


LOCK 


Lock 


(Max Mode) This output is set by the lock Instruc- 
tion to prevent other system bus masters from 
gaining control. 


30 


HLDA 


Hold 
Acknowledge 


A response to the HOLD Input, causing the 
processor to trl-state the local bus. The bus 
becomes active one cycle after HOLD returns 
low. 


31 


HOLD 


Hold 


When another device requests the local bus, 
HOLD Is driven high, causing the |iPD8088 to 
issue a HLDA. 


30,31 


RQ7GT 
H5/GT! 


Request/Grant 


(Max Mode) Other local bus masters can force 
the processor to rebase the local bus at the end 
of the current bus cycle. 


32 


RB 


Read 


Depending on the state of the T07M line, the 
processor is reading from memory or I/O. 


.33 


MN/SSX 


Minimum/ 
Maximum 


This input tells the processor In which mode it 
Is to be used. This affects some of the pin 
descriptions. 


34 


ssb" 


Status Line 


Equivalent to So in Max Mode. 


26-28 


Sq-S2 


Status Outputs 


(Max Mode) 


35-38 


33-Sg 


Status Outputs 


These outputs from the processor are used by 
the uPD8288 to generate bus control signals. 


40 


v C c 


Power Supply 


5V power Input. 



ED 
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Block Diagram 



( Memory Interface J 

TF 



J~Ll£= 



Instruction 

Stream Byte 

Queue 



Bus 

Interface 

Unit 



IE 



Ik 



Execution Unit 
Control 
System 



IE 



Execution 
Unit 



AH 


AL 


BH 


BL 


CH 


CL 


DH 


DL 


SP 


BP 


SI 


Dl 




in 



Arithmetic/ 
Logic Unit 



Flags lm 



Absolute Maximum Ratings' 

T- = 25 °C 



Tentative 


Ambient Temperature under Bias 


0°Cto70°C 


Storage Temperature 


-65-Cto +150°C 


Voltage on any Pin with respect to Ground 


-0.5V to +7V 


Power Dissipation 


1.5 Watt 



'COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be oper- 
ated under conditions outside the limits described in 
the operational sections of this specification. Exposure 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 

T a = 0°Cto +70°C, Vcc = +SV ± 10% 





Symbol 




Limits 


Unit 




Parameter 


Mfn 


Typ 


Mmx 


Teat Conditions 


Clock Input Low Voltage 


VCL 


-0.5 




+ 0.6 


V 




Clock Input High Voltage 


V C H 


3.9 




V C c + 1-0 


V 




Input Low Voltage 


V|L 


-0.5 




+ 0.8 


V 




Input High Voltage 


V|H 


2.0 




VCC + 0.5 


V 




Output Low Voltage 


vol 






0.45 


V 


'OL = 2.0 mA 


Output High Voltage 


VOH 


2.4 






V 


'OH = 400 M* 


Power Supply Current 


ice 






340 


mA 




Input Leakage 


>LI 






±10 


MA 


ov < V )N < V CC 


Output Leakage 


'lo 






±10 


<*A 


o.45v <v ut< v C c 


Capacitance 




Symbol 




Lfmfts 


Unit 




Parameter 


Mm 


Typ 


Max 


Test Conditions 


Capacitance of Input 
Buffer (All input except 
AD -AD 7 RQ/GT) 


C IN 






15 


PF 


fc = 1 MHz 


Capacitance of I/O Buffer 
(AD -AD 7 RQ/GT) 


C I0 






15 


PF 


fc = 1 MHz 



AC Characteristics 

Minimum Mod* Timing Requirements 
T a x 0°Cto +70°C,Vcc = +»V ± 10W» 



Parameter 


Symbol 


Mfn 


TVP 


Mmx 


Unit 


Test Conditions 


CLK Period 


f CLCL 


200 




500 


ns 




CLK Low Time 


'CLCH 


(2/3tCLCL)" 15 






ns 




CLK High Time 


«CHCL 


(1/3t C LCL) + 2 






ns 




CLK Rise Time 


'CH1CH2 






10 


ns 


1.0V to 3.5V 


CLK Fall Time 


'CL2CL1 






10 


ns 


3.5V to 1.0V 



Data In Setup Time 


•dvcl 


30 


ns 


Data In Hold Time 


'CLDX 


10 


ns 


RDY Setup Time 
|iPD82B4 ©@ 


'R1VCL 


35 


ns 


RDY Hold Time into 
M PD8284 ® ® 


•CLR1X 





ns 


READY Setup Time 
Into |iPD808B 


•ryhch 


(2ttt C LCL)-15 


ns 


READY Hold Time 
Into (J»D8088 


*CHRYX 


30 


ns 


READY Inactive to 
CLK ® 


*RYLCL 


-8 


ns 


HOLD Setup Time 


*HVCH 


35 


ns 



INTR, NMI.TEST 
Setup Time ® 



l INVCH 



Notes: 

® Signal at nPD8284 shown for reference only. 
(2) Setup requirement for asynchronous signal guarantees 
recognition at next CLK. 

(§) Applies to T2 state (8 ns into T3 state). 



Timing Responses 



Symbol 



TVp Mmx Units Test Conditions 



Address Valid Delay 


*CLAV 


15 


110 


ns 


Address Hold Time 


•CLAX 


10 




ns 


Address Float Delay 


»CLAZ 


«CLAX 


80 


ns 


ALE Width 


«LHLL 


*CLCH-20 




ns 


ALE Active Delay 


«CLLH 




80 


ns 


ALE Inactive Delay 


*CHLL 




85 


ns 


Address Hold Time 
to ALE Inactive 


«LLAX 


'CHCL-1° 




ns 


Data Valid Delay 


•CLDV 


10 


110 


ns 


Data Hold Time 


*CHDX 


10 




ns 


Data Hold Time 
After WR 


'WHDX 


tCLCH-30 




ns 


Control Active 
Delay 1 


*CVCTV 


10 


110 


ns 


Control Active 
Delay 2 


«CHCTV 


10 


110 


ns 


Control Inactive 
Delay 


*CVCTX 


10 


110 


ns 


Address Float to 
READ Active 


<AZRL 







ns 


RD Active Delay 


«CLRL 


10 


165 


ns 


RD Inactive Delay 


«CLRH 


10 


150 


ns 


RD Inactive to Next 
Address Active 


*RHAV 


«CLCL- 45 




ns 


HLDA Valid Delay 


'CLHAV 


10 


160 


ns 


RD Width 


tRLRH 


2 «CLCL" 7 5 




ns 


WR Width 


l WLWH 


2t CLCL -60 




ns 



C L - 20-100 pF for 
all 8088 outputs 
and internal loads 



Address Valid to 
ALE Low 



•AVAL 



tCLCH- 60 
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AC Characteristics (Cont.) 

Max Mode System Timing Requirements 
(Using 8288 Bus Controller) 



Parameter 


Symbol 


Mfn 


Typ 


Mmx 


Unit 


Test Condition* 


CLK Period 


«CLCL 


200 




500 


ns 




CLK Low Time 


•CLCH 


<2/3t CLCL )-15 






ns 




CLK High Time 


»CHCL 


(1/3t CLC L) + 2 






ns 




CLK Rise Time 


«CH1CH2 






10 


ns 


1.0V to 3.5V 


CLK Fall Time 


'CL2CL1 






10 


ns 


3.5V to 1.0V 



Data In Setup Time 


l DVCL 


30 


ns 


Data In Hold Time 


«CLDX 


10 


ns 


RDY Setup Time 
Into MPD8284 © ® 


*R1VCL 


35 


ns 


RDY Hold Time Into 
MPD82B4 (j)#D 


«CLR1X 





ns. 


READY Setup Time 
Into pPD8088 


•ryhch 


(2'3t CLC L)-15 


ns 


READY Hold Time 
Into /iPD8088 


*CHRYX 


30 


ns 


READY Inactive to 
CLK ® 


l RYLCL 


-8 


ns 


Setup Time for 
Recognition (INTR, 
NMI, TEST) ® 


*INVCH 


30 


ns 


RQ/QT Setup Time 


•qvch 


30 


ns 



RQ Hold Time into 
M PD8088 



l CHGX 



Timing Responses 



Symbol 



Typ Men Units T*M CondHlons 



Command Active 
Delay © 



'CLML 



Command Inactive tcLMH 
Delay © 



READY Active to 
Status Passive d 



l RYHSH 



Status Active Delay tcHSV 



Status Inactive 
Delay 



'CLSH 



Address Valid Delay tQLM 



Address Hold Time tcLAX 



Address Float Delay t^LAZ 



JCLAX 



Status Valid to ALE tsVLH 
High © 



Status Valid to MCE tgvMCH 
High © 



CLK Low to ALE 
Valid © 



•CLLH 



CLK Low to MCE 
High © 



•CLMCH 



ALE Inactive 
Delay ® 



'CHLL 



MCE Inactive 
Delay © 



<CLMCL 



Data Valid Delay tcLDV 



Data Hold Time 



'CHDX 



Control Active 
Delay © 



'CVNV 



Control Inactive 
Delay © 



*CVNX 



Address Float to 
READ- Active 



tAZRL 



RD Active Delay tCLRL 



RD Inactive Delay 'CLRH 



RD Inactive to Next t RHAV 
Address Active 



tCLCL-45 



Direction Control trjHDTL 
Active Delay © 



Direction Control trjHDTH 
Inactive Delay © 



ST Active Delay tcLGL 



ST Inactive Delay *CLGH 



RG Width 



*RLRH 2<CLCL-75 



35 ns 



15 ns C L - 20-100 pF tor 

all 8088 outputs 

._ and Internal loads 



Notes: 

(?) Signal at nPD8284 or uPD8288 shown for reference only. 
(Jj) Setup requirement for asynchronous signal guarantees 

recognition at next CLK. 
(§) Applies to T3 and wait states, 
(g) Applies to T2 state (8 ns into T3 state). 
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Timing Waveforms 



CLK ( M PD82S4 Output) 



V C L 



10/M, 555 



A15-A8 



A 19 /S 8 -A 18 /S3 



RDV (fJ>D»2M Input) 



RDV (hPD<08B Input) 



Read Cycta 

© 
(WR, IRTX » Voh) 



AD7-AD0 



_f~^^r~^^<t 



Tl 
-tCLCL" 



)C 



)C 



X 



A19-A16 



\ 



T3 T WAIT 

-tCL2CL1 f 



A15-AB (Float During INT A) 



X 



SS( 
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r^ 




X 



)( 



X 



s^^^^^ 
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Timing Waveforms (Cont.) 



M PD8088 



CLK (nPD8284 Output) _____/ \ 

VCL 



AD7-AD0 



Write Cycle 



INTA Cyclo 

®(D ■ 
(HB, WR = VOH) 



Software HaH 

KEN, RD, WR, TRTa = Voh 

AD7-AD0 




AD7-AD0 



Notes: 

® All signals switch between Voh and Vql unless otherwise specified. 

@ RDY is sampled near the end of T2, T3, Twait t0 determine if TwaIT machine states are 
inserted. 

<§) Two INTA cycles run back-to-back. The mPD8088 local Address/ Data bus floats during both 
INTA cycles. The control signals shown are for the second INTA cycle. 

® Signals at the mPD8284 are shown for reference. 

(§) All timing measurements are taken at 1.5V unless otherwise specified. 
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Timing Waveforms (Cont.) 



Maximum Mode System Bus Timing 
(using 8288 Bus Controller) 



VCH 



VCL" 



S2, 81, Sg (Except Halt)- 



"<L 



»CH8V 



A 15" A 8 



A 19 /S6-A 10 /S 3 



ALE (pPD8288 Output) 



( RDY (pPD82B4 Input) 



Ready (fiPD8088 Input) \ 



Read Cycle 



ADt-ADq 



DT/B 



MRDC OR ionC 



pPD8288 Output! 
©© 



Tl T 2 

'CHICHa 



•CLCL 



•CLAV 



t 



X 



»CLAV 



*CLLH 



X 



'SVLH 



/ 



kJHCL 



*19 -A 16 



'CHLL 



\ 



./ 



X 



'cldv 

•CLAX 



}C 



^r";^^ ^\\\\\\\\w 



\WlW, 



*1S-*8 



«R1VCL 



'CL2CL1 T WA | T 



x 



«CL9H 



® 



37- s 3 



«CLCH 



X 



X 



X 



'CHDX 



K 
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Timing Waveforms (Cont.) v CH 

CLK 
"62, S"i , lo (Except Halt) 



fiPD8288 Outputs 
0© 



Software 
Halt - (DEN 




M P0828B Outputs 
©© 




V 0L ; RD, MRDC, IORC, MWTC, AMWC, IOWC, AIOWC, INTA 
AD7-AD0, A 15 -A 8 



•CLAV 



X 



Invalid Address 



S2,Si,S 



V 



J 



V 



Notes: 

(J) All signals switch between Voh and Vol unless otherwise specified. 

@ RDY is sampled near the end of T2, T3, TwAIT to determine if TwAIT machine states are 

inserted. 
(§) The cascade address is valid between the first and second INTA cycles. 
<§) Two INTA cycles run back-to-back. The j<PD8088 local Address/Data bus floats during both 

INTA cycles. The control signals shown are for the second INTA cycle. 

(§) Signals at the nPD8284 and fiPD8288 are shown for reference. 

<S) The mP D 8288 a ct ive-high CEN l ags when the nPD828 8 iss ues c ommand and control signals 
(MRDC, MWf5, AMWC, lORC, IOWC, AIOWC, IfTTA", and BER). 

® All timing measurements are taken at 1 .5V unless otherwise specified. 

® Status is inactive prior to T4. 4gg 



M PD8088 

Timing Waveforms (Cont.) 

Asynchronous Input Recognition 



\ 



I 



Signal 



X 



\ 



•INVCH ® 



Note: 

© Setup requirements for asynchronous signals guarantee recognition at next CLK. 



Maximum Mode Bus Lock Signal Timing 



X 



- Any CLK Cycle - 



/ 



1 



\ 



-Any CLK Cycle- 



y 



7 C 



Maximum Mode Request/Qrant Sequence Timing 

Any CLK Cycle 



-\i 



H076T 



A19/S6-A16/S3 
A15-A8 



-0 CLK Cycle- 



/Tja^^ui^^XTV^l 



1QVCH 
— tCHQX— 
Puleel 



- / \ Coprocessor Z - '*' 

f \ " / 



\ 



Pulse 2 
mPDSOSB QT 



r \-j 



Pulse 3 

Coprocessor 

Release 



AD7-AD0 , 

§2. §1, So 
TO, LT5CR 



X 



Coprocessor i 



Note: 

© The coprocessor risks bus contention if it drives the buses outside the areas shown. 



jtQVCH 

.*CHGX 
*CLGL 
«CLQH 



X 



MPDB0B8 
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Timing Waveforms (Cont.) 

Mlmlmum Mode Hold Acknowledge Timing 



A { 



>1 CLK Cycle ■ 



-tHVCH(J) 



,uf 



Y 



MPD8088 



■ 1 Or 2 Cycles - 



^n r 



"Y 



r 



x 



Coprocessor 



Note: 

(J) All signals switch between Vqh and Vol unless otherwise specified. 



.TA_ 



■ tCLHAV 



\ 



K 



MPD808B 
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Package Outlines 
M PD8088C 



MPD8088D 

Cerdip 



-Ib|- -14- 



Plastlc 



.^i 



0° - M^- 1 — 



Item 


Mllllmstart 


Inch** 


A 


51.5 Max 


2.028 Max 


B 


1.62 


0.064 


C 


2.54 ± 0.1 


0.10 ± 0.004 





0.5 ± 0.1 


0.019 ± 0.004 


E 


48.26 


1.9 


F 


1.2 Mln 


0.047 Mln 


Q 


2.54 Mln 


0.10 Mln 


H 


0.5 Mln 


0.019 Mln 


1 


5.22 Max 


0.206 Max 


J 


5.72 Max 


0.225 Max 


K 


15.24 


0.600 


L 


13.2 


0.520 


M 


0.25 „„ 
-0.05 


.„„ +0.004 
0.010 

-0.002 
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/iPD765A 



SINGLE/DOUBLE DENSITY 
FLOPPY DISK CONTROLLER 



DESCRIPTION 



FEATURES 



PIN CONFIGURATION 



The juPD765 is an LSI Floppy Disk Controller (FDC) Chip, which contains the circuitry and control 
functions for interfacing a processor to 4 Floppy Disk Drives. It is capable of supporting either 
IBM 3740 single density format (FM), or IBM System 34 Double Density format (MFM) including 
double sided recording. The /KPD765 provides control signals which simplify the design of an 
external phase locked loop, and write precompensation circuitry. The FDC simplifies and handles 
most of the burdens associated with implementing a Floppy Disk Interface. 

Hand-shaking signals are provided in the ju p D765 which make DMA operation easy to incorporate 
with the aid of an external DMA Controller chip, such as the juPD8257. The FDC will operate in 
either DMA or Non-DMA mode. In the Non-DMA mode, the FDC generates interrupts to the 
processor every time a data bytels available. In the DMA mode, the processor need only load the 
command into the FDC and all data transfers occur under control of the /JPD765 and DMA 
controller. 

There are 15 separate commands which the/uPD765 will execute. Each of these commands require 
multiple 8-bit bytes to fully specify the operation which the processor wishes the FDC to perform. 
The following commands are available: 



Read Data 
Read ID 

Read Deleted Data 
Read a Track 
Scan Equal 



Scan High or Equal 
Scan Low or Equal 
Specify 
Write Data 
Format a Track 



Write Deleted Data 

Seek 

Recalibrate (Restore to Track 0) 

Sense Interrupt Status 

Sense Drive Status 



Address mark detection circuitry is internal to the FDC which simplifies the phase locked loop and 
read electronics. The track stepping rate, head load time, and head unload time may be programmed 
by the user. The /iPD765 offers many additional features such as multiple sector transfers in both 
read and write with a single command, and full IBM compatibility in both single and double 
density modes. 

• IBM Compatible in Both Single and Double Density Recording Formats 

• Programmable Data Record Lengths: 128, 256, 512, or 1024 Bytes/Sector 

• Multi-Sector and Multi-Track Transfer Capability 

• Drive Up to 4 Floppy Disks 

• Data Scan Capability — Wilt Scan a Single Sector or an Entire Cylinder's Worth of Data Fields, 
Comparing on a Byte by Byte Basis, Data in the Processor's Memory with Data Read from the 
Diskette 

• Data Transfers in DMA or Non-DMA Mode 

• Parallel Seek Operations on Up to Four Drives 

• Compatible with Most Microprocessors Including 8080A, 8085A, AtPD780 (Z80™) 

• Single Phase 8 MHz Clock 

• Single +5 Volt Power Supply 

• Available in 40 Pin Plastic Dual-in-Line Package 
— v_/- 



RESETC 
RD 
WR 

CS 

A 
DB 
DBi 
DB 2 
DB 3 
DB 4 
DB 5 
DB 6 
DB 7 

drgF 
oackC 

TCC 
IDXC 
INTC 
CLKC 



GNDC 20 



JLlPD 

765A 



40 3 Vcc 

39 3 RWVSEEK 

38 3 LCT/DIR 

3 FFf/STP 
36 3 HDL 
35 D RDY 
34 D WP/TS 

3FLT/TR C 

3'PSo 

UPSi 



24 



m 



30 3 WDA 



IlUSo 
3 US, 
3HD 
3 MFM 



25 3 WE 



ZIVCO 



23 3RD 



3 ROW 
3 WCK 



TM:280 is a registered trademark of Zilog, Inc. 
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„_ / \ DATA BUS 

°- 7 \—V BUFFER 



W tt 




CLK 
VCC 
GND 



tt 



BLOCK DIAGRAM 



SERIAL 
INTERFACE 
CONTROLLER 



- WR CLOCK 

- WR DATA 

- WR ENABLE 
-PRE-SHIFTO 

■ PRE-SHIFT 1 

- RD DATA 

■ READ DATA WINDOW 

- V C SYNC 



W 



£ 



DRIVE 
INTERFACE 
CONTROLLER 



a OUTPUT 
PORT 



-READY 

- WRITE PROTECT/TWO SIDE 

- INDEX 

- FAULT/TRACK 



- UNIT SELECT 

- UNIT SELECT 1 

- MFM MODE 

-"hw/seek 

- head load 

- head select 

- low current/direction 

- fault reset/step 



Operating Temperature . -10 C to +70°C 

Storage Temperature . . -55°C to +150°C 

All Output Voltages . -0.5 to +7 Volts 

All Input Voltages -0.5 to +7 Volts 

Supply Voltage Vcc -0.5 to +7 Volts 

Power Dissipation , 1 Watt 

T a = 25°C 

"COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 



T a = -10°C to +70°C; Vcc = +E >V ± 5% unless otherwise specified. 



DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP© 


MAX 


Input Low Voltage 


V|L 


-0.5 




0.8 


V 




Input High Voltage 


V| H 


2.0 




V C C + 0.5 


V 




Output Low Voltage 


vol 






0.45 


V 


Iql ' 2.0 mA 


Output High Voltage 


VOH 


2.4 




VCC 


V 


lOH = "200 tiA 


Input Low Voltage 
(CLK + WR Clock) 


V|L(*) 


-0.5 




0.65 


V 




Input High Voltage 
(CLK + WR Clock) 


V|H(4>) 


2.4 




Vcc + 0-5 


V 




Vcc Supply Current 


ice 






150 


mA 




Input Load Current 
(All Input Pins) 


'LI 






10 


M 


V|N"VCC 


-10 


MA 


V, N =0V 


High Level Output 
Leakage Current 


•loh 






10 


HA 


v OUT * V CC 


Low Level Output 
Leakage Current 


•lol 






-10 


PA 


V OUT-+0.45V 



Note: ©Typical values for T a = 25° C and nominal supply voltage. 
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PIN IDENTIFICATION 



CAPACITANCE 



PIN 


INPUT/ 
OUTPUT 


CONNECTION 
TO 






NO. 


SYMBOL 


NAME 




■"■T" 


rst 


Rent 


Input 


Procenor 


Placet FDC In Idle ttata. Reeett output 
linn to FDD to "0" (low). Doee not 
effect 8RT, HUT or HLT In Specify 
command. If ROY pin le held high during 
Rem, FDC will generate Interrupt 
1 -25 me later. To dear thri Interrupt uat 
Sente Interrupt Stetui command. 


2 


R6 


Read 


InputQ 


Procenor 


Control tlgnel for tremfer of date from 
FDC to Data Bur, when "0" (low). 


3 


wW 


Write 


lnput(7) 


Procenor 


Control itgnel for tremfer of date to FDC 
via Data Bui, when "0" (low). 


4 


55 


Chip Select 


Input 


Procenor 


IC fleeted when "0" (low), allowing 55 
andWRto be enabled. 


5 


AO 


Data/Stetui Reg Select 


InputQ 


Procenor 


Select! Data Rag (A(v>1) or Statue Reg (Afj-O) 
content! of the FDC to be tent to Data But. 


6-13 


DB0-DB7 


Data Bui 


Input/?) 
Output"^ 


. Procenor 


Bl-Dtractlonel 8-Btt Data Bui. 


14 


DRQ 


Data DMA Requeit 


Output 


DMA 


DMA Roquett It being made by FDC when 
DRO-"1". 


15 


DACK 


DMA Acknowledge 


Input 


DMA 


DMA cycle It active when "0" (low) and 
Controller li performing DMA tramfer. 


16 


TC 


Terminal Count 


Input 


DMA 


Indicate! the termination of e DMA trani- 
fer when "1 " (high). It terminate! date 
tramfer during Read/Write/Scan command 
In DMA or Interrupt mode. 


17 


IOX 


Index 


Input 


FDD 


Indicate! the beginning of a dltk track. 


18 


INT 


Interrupt 


Output 


Procenor 


Interrupt Requeit Generated by FDC. 


18 


CLK 


Clock 


Input 




.Single Phaie 8 MHz Squarewave Clock. 


20 


QND 


Ground 






D.C. Power Return. 


21 


WCK 


Write Clock 


Input 




Write data rate to FDD. FM - BOO kHz, 
MFM - 1 MHi, with a pulte width of 
250 m for both FM and MFM. 


22 


ROW 


Read Data Window 


Input 


Phaae Lock Loop' 


Generated by PLL, and uted to temple 
data from FDD; 


23 


RDD 


Read Data 


Input 


FDD 


Read data from FDD, containing clock 
and data bltt. 


24 


VCO 


VCO Sync 


Output 


PheM Lock Loop 


Inhibit! VCO In PLL when "0" (low), 
enable! VCO when "1 ." 


2B 


WE 


Write Enable 


Output 


FDD 


Enable! write date Into FDD. 


26 


MFM 


MFM Mode 


Output 


Phaee Lock Loop 


MFM mode when "1 ," FM mode when "0." 


27 


HD 


Head Select 


Output 


FDD 


Head 1 telectadwhen "1" (high). 
Head lelected when "0" (low). 


28,29 


U8i,USo 


Unit Select 


Output 


FDD 


FDD Unit Selected. 


30 


WDA 


Write Data 


Output 


FDD 


Serial clock and data bltt to FDD. 


31,32 


P8i,P8o 


Precompeniatlon 
(pre-ahlft) 


Output 


FDD 


Write precompeniatlon ttatut during Ml M 
mode. Determine! early, lata, and norm i timet. 


33 


FLT/TRo 


Fault/Track 


Input 


FDD 


Serme FDD fault condition. In Read/ 

Write mode; and Track condition In Seek mode. 


34 


WP/T8 


Write Protect/ 
Two-Side 


Input 


FDD 


SenM* Write Protect ttatut In Reed/Write 
mode; and Two Side Media In Seek mode. 


38 


ROY 


Ready 


Input 


FDD 


Indicate! FDD li ready to lend or receive data. 


36 


HDL 


Head Load 


Output 


FDD 


Command which ceuwi read/write head 
In FDD to contact dltkatte. 


37 


FR/STP 


Fit Reaet/Step 


Output 


FDD 


Reno fault F.F. In FDD In Read/Write 
mode, contain! ttep pulen to move head 
to another cylinder In Seek mode. 


38 


LCT/DIR 


Low Current/ 
Direction 


Output 


FDD 


Lower! Write currant on Inner tracki lr( 
Read/Write mode, determine! direction • 
head will itep In Seek mode. A fault rent 
pulee li Inued at the beginning of each 
Read or Write command prior to the 
occurrence of the Heed Load ilgnel. 


39 


■flWSEEK 


ReadWrlte/SEEK 


Output 


FDD 


Whan "1" (high) Seek mode aliened and 
whan "0" (low) Read/Write mode latactad. 


40 


Vcc 


45V 






DC Power. 



Note: 0DliaWed when CS-1. 



T a = 25 C; f c = 1 MHz; Vqc = OV 



E 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Clock Input Capacitance 


C|N(<t>) 






20 


PF 


All Pins Except 
Pin Under Test 
Tied to AC 
Ground 


Input Capacitance 


C|N 






10 


PF 


Output Capacitance 


COUT 






20 


PF 
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-10°C to +70°C; Vcc " + 5V ± S% unless otherwise specified. 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP0 


MAX 


Clock Period 


*CY 


120 


125 


500 


ns 




Clock Active (High, Low) 


*o 


40 






ns 




Clock Rise Time 


*r 






20 


ns 




Clock Fall Time 


*f 






20 


ns 




Aq, CS, DACK Set Up Time to RD I 


Tar 









ns 




Aq, CS, DACK Hold Time from RD t 


t ra 









ns 




RD Width 


Trr 


250 






ns 




Data Access Time from RD i 


Trd 






200 


ns 


C L = 100pf 


DB to Float Delay Time from RD t 


TbF 


20 




100 


ns 


C L -100pF 


Aq, CS, DACK Set Up Time to WR i 


Taw 









ns 




A , CS, DACK Hold Time to WR t 


t wa 









ns 




WR Width 


TWW 


250 






ns 




Data Set Up Time to WR t 


T D w 


150 






ns 




Data Hold Time from WR t 


T WD 


5 






ns 




INT Delay Time from RD t 


Tri 






500 


ns 




INT Delay Time from WR t 


T WI 






500 


ns 




DRQ Cycle Time 


TMCY 


13 






MS 




DRQ Delay Time from DACK I 


T AM 






200 


ns 




TC Width 


T T C 


1 






*CY 




Reset Width 


Trst 


14 






*CY 




WCK Cycle Time 


TCY 




2 or 4® 
1 or 2 




MS 


MFM-0 
MFM- 1 


WCK Active Time (High) 


T 


80 


250 


350 


ns 




WCK Rise Time 


T r 






20 


ns 




WCK Fall Time 


Tf 






20 


ns 




Pre-Shift Delay Time from WCK t 


T CP 


20 




100 


ns 




WDA Delay Time from WCK t 


TCD 


20 




100 


ns 




RDD Active Time (High) 


TRDD 


40 






ns 




Window Cycle Time 


TwCY 




2.0 
1.0 




Its 


MFM = 
MFM - 1 


Window Hold Time to/from RDD 


TRDW 
TWRD 


15 






ns 




USo,i Hold Time to ROT/SEEK t 


TUS 


12 






«s 


8 MHz Clock 
Period 


SEEK/RW Hold Time to LOW CURRENT/ 
DIRECTION t 


TSD 


7 






MS 


LOW CURRENT/DIRECTION Hold Time to 
FAULT RESET/STEP t 


TDST 


1.0 






us 


US 1 Hold Time from FAULT 
RESET/STEP t 


TSTU 


5.0 






US 


STEP Active Time (High) 


TSTP 


6.0 


7.0 




MS 


STEP Cycle Time 


T S c 


33 


(D 


© 


MS 


FAULT RESET Active Time (High) 


T F R 


8.0 




10 


MS 


Write Data Width 


TyvDD 


r -50 






ns 




USo.i Hold Time After SEEK 


TSU 


15 






MS 


8MHzCIock 
Period 


Seek Hold Time from DIR 


TDS 


30 






MS 


DIR Hold Time after STEP 


TSTD 


24 






M« 


Index Pulse Width 


T IDX 


10 






0CY 




RD i Delay from DRQ 


TMR 


800 






ns 


8 MHz Clock 
Period 


WR i Delay from DRQ 


tmw 


250 






ns 


WE or RD Response Time from DRQ t 


Tmrw 






12 


MS 



Notes: (T) Typical values for T a = 25°C and nominal supply voltage. 

@ The former value of 2 and 1 are applied to Standard Floppy, and the latter value of 4 and 2 are 

applied to Mini-floppy. 
© Under Software Control. The range is from 1 ms to 16 ms at 8 MHz Clock Period, and 2 to 32 ms 

at 4 MHz Clock Period. 

® For mini-floppy applications, *CY must be 4 mHz. 
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AC TEST CONDITION 



INPUT/OUTPUT 

2.4V 



2.0V 2.0V 

TEST POINT 
0.8V 0.8V 



> 



V 24 V 24V V" 

X ^>testpo.ntX 

_/ \ 0-6BV 0.66V / \_ 



AC TESTING 



Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0." Timing measure- 
ments are made at 2.0V for a logic "1 " and 0.8V for a logic "0." 
Clocks are driven at 3.0V for a logic "1" and 0.3V for a logic "0." Timing measure- 
ments are made at 2.4V for a logic "1 " and 0.65V for a logic "0." 



TIMING WAVEFORMS 



A , CS, DACK 



PROCESSOR READ OPERATION 



T AR _^ I. 



" \ . - T BR m \fi 



i-*" T RA 



u .J 

T RD 



DATA 
INT 



< 



-t D f 



+— Tri- 



X. 



CLOCK 




FDD WRITE OPERATION 

H»— T 



WRITE CLOCK 



WRITE ENABLE 



—I 

v_ 



l-^ U-T F 
T R _^| U_ i | 



I 1 1 



«»=)czz^ezz)(=zxz: 



TWDD 



WRITE DATA 



_A >NL_jfV__/v 



I*. r\ r 

r-" T CD 





PRESHIFT0 


PRESHIFT 1 


NORMAL 








LATE 





1 


EARLY 


1 





INVALID 


1 


1 



PROCESSOR WRITE OPERATION 



An, CS. DACK 



z>: 



T AW-l 



X 



»^-« T ww *-Jf 

!U ^. 

-A r*V 



| i—'WD, 



DMA OPERATION 



-J 



V 



T AM- 
* * j T MC V " 



\_ 



jr 



\ 



"■"mrw 



WR OR RD | 



-TMW(WR) 
-TMR (RD) 



— V f 
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SEEK OPERATION 



us 0i1 



^£ 






£ 



\ 



HE — 3f 



■ t S c- 



TIMING WAVEFORMS 
(CONT.) 






-i 



FLT RESET 



FAULT RESET = 
FILE UNSAFE RESET 



READ DATA 




T F R 



INDEX 




M 



FDD READ OPERATION 

A- 



]— -Trdd H*t wrd ~J j—-T RDW *-j 
I I 



READ DATA WINDOW 



X 



Note: Either polarity data window is valid. L 



- T WCY- 



tz 



TERMINAL COUNT 




TTC 



RESET 

li 



_i! 



T RST 



The MPD765 contains two registers which may be accessed by the main system proces- 
sor; a Status Register and a Data Register. The 8-bit Main Status Register contains the 
status information of the FDC, and may be accessed at any time. The 8-bit Data 
Register (actually consists of several registers in a stack with only one register pre- 
sented to the data bus at a time), which stores data, commands, parameters, and FDD 
status information. Data bytes are read out of, or written into, the Data Register in 
order to program or obtain the results after a particular command. The Status 
Register may only be read and is used to facilitate the transfer of data between the 
processor and //PD765. 

The relationship between the Status/Data registers and the signals RD, WR, and An. 
is shown below. 



INTERNAL REGISTERS 



AO 


RT5 


WR 


FUNCTION 








1 


Read Main Status Register 





1 





Illegal 











Illegal 


1 








Illegal 


1 





1 


Read from Data Register 


1 


1 





Write into Data Register 
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INTERNAL REGISTERS 



(CONT ) ^"* le k' ts ' n t ^ ie ^" a ' n Status Register are defined as follows 



BIT NUMBER 


NAME 


SYMBOL 


DESCRIPTION 


DBrj 


FDD Busy 


DoB 


FDD number is in the Seek mode. If any of the bits is set FDC will not accept 
read or write command. 


DB, 


FDD 1 Busy 


D1B 


FDD number 1 is in the Seek mode. If any of the bits is set FDC will not accept 
read or write command. 


DB 2 


FDD 2 Busy 


D2B 


FDD number 2 is in the Seek mode. If any of the bits is set FDC will not accept 
read or write command. 


DB 3 


FDD 3 Busy 


D3B 


FDD number 3 is in the Seek mode. If any of the bits is set FDC will not accept 
read or write command. 


DB4 


FDC Busy 


CB 


A read or write command is in process. FDC will not accept any other command. 


DB 5 


Execution Mode 


EXM 


This bit is set only during execution phase in non-DMA mode. When DB5 goes 
low, execution phase has ended, and result phase was started. It operates only 
during NON-DMA mode of operation. 


DB 6 


Data Input/Output 


DIO 


Indicates direction of data transfer between FDC and Data Register. If DIO = "1" 
then transfer Is from Data Register to the Processor. If DIO - "0", then transfer 
is from the Processor to Data Register. 


DB7 


Request for Master 


RQM 


Indicates Data Register is ready to send or receive data to or from the Processor. 
Both bits DIO and RQM should be used to perform the hand-shaking functions of 
"ready" and "direction" to the processor. 



The DIO and RQM bits in the Status Register indicate when Data is ready and- in which direction data will be transferred on the Data 
Bus. The max time between the last RD or WR during command or result phase and DIO and RQM getting set or reset is 12 us. For 
this reason every time Main Status Register is read the CPU should wait 12 *is. The max time from the trailing edge of the last RD in 
the result phase to when DB4 (FDC Busy) goes low is 12 tis. 



Data In/Out 
(DIOI 



Request fo 
(ROMI 



Out FDC and Into Processor 



Out Processor and Into FDCl 



neady 1 I 1 

' n-j~i_rrT_run 

I R«A, I I III I * 1 I 



I I 
I I 

nj—r 



I ' I 
I I I 



I II I I I 

|a|b|a I b I a [ c | d | c |d|b| "a 



:. [a] - Data register ready to be written into by processor 

[b| — Data register not ready to be written into by processor 

fc"] - Data register ready for next data byte to be read by the processor 

[d] - Data register not rejdy for next data byte to be read by processor 



COMMAND SEQUENCE 



The MPD765 is capable of performing 15 different commands. Each command is initiated by a 
multi-byte transfer from the processor, and the result after execution of the command may also 
be a multi-byte transfer back to the processor. Because of this multi-byte interchange of informa- 
tion between theMPD765 and the processor, it is convenient to consider each command as 
consisting of three phases: 

Command Phase: The FDC receives all information required to perform a particular 
operation from the processor. 

Execution Phase: The FDC performs the operation it was instructed to do. 

Result Phase: After completion of the operation, status and other housekeeping 

information are made available to the processor. 
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INSTRUCTION SET <D 



PHASE 


R/W 


DATA BUS 


REMARKS 


PHASE 


R/W 


DATA BUS 


REMARKS 


O7 06 Dg 


D4 D3 Dj Di Do 


D 7 D 6 


"5 


D4 D3 D2 Di 


D|) 


READ DATA 




READ A TRACK 


Command 

Execution 
Result 


W 
W 

w 
w 
w 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 
R 


MT MF SK 
XXX 


11 
X X HD US1 USO 

c 


Command Codes 

Sector ID information prior 
to Command execution. The 
4 bytes are commanded againBt 
header on Floppy Disk. 

Data-transfer between the 
FDD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 


Command 

Execution 
Result 


W 

w 
w 
w 
w 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 
R 


MF 
X X 


SK 
X 


1 
X X HD US1 




uso 


Command Codes 

Sector ID information prior 
to Command execution 

Data-transfer between the 
FDD and main-system. FDC 
reads all data fields 
from index hole to EOT. 

Status information after 
Command execution 

Sector ID information after 
Command execution 


. 




'' 










., 


" 


crrr 




„„, 


COT 


rm 








" • 


- T „ 


C 


xl? 






)X A 






















READ DELETED DATA 




Command 
Result 


W 
W 
W 

W 

w 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 
R 


MT MF SK 
XXX 


110 
X X HD US1 USO 


Command Codes 

Sector ID information prior 
to Command execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
FDD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 




READ ID 




Command 
Result 


W 
W 

R 
R 
R 
R 
R 
R 
R 


MF 
X X 



X 


0101 

X X HD US1 




uso 


Commands 

The first correct ID information 
on the Cylinder is stored in 
Data Register 

Status information after 
Command execution 

Sector ID information read 
during Execution Phase from 
Floppy Disk 


" 




n 


EOT 








„„ 


"„ 






w 




" 


"T 1 






N 




1, 


_ 






FORMAT A TRACK 




H 


Command 

Execution 
Result 


W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 


MF 
X X 



X 


110 
X X HD US1 

N 


1 
uso 


Command Codes 

Bytes/Sector 
Sectors/Track 
Gap 3 
Filler Byte 

FDC formats an entire track 

Status information after 
Command execution 

In this case, the ID information 
has no meaning 


M 




WRITE DATA 


Command 

Execution 
Result 


W 
W 

W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 


MT MF 
XXX 


10 1 
X X HD US1 USO 


■ Command Codes 

Sector ID information prior 
to Command execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
mein-system and FDD 

Status information after 
Command execution 

Sector ID information after 
Command execution 


WO 






"* 




N 








r 






c 




— DTL 


R 






SCAN EQUAL 




Command 
Result 


W 
W 
W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 


MT MF 
X X 


SK 
X 


10 
X X HD US1 

c 


1 
uso 


Command Codes 

Sector ID information prior 
to Command execution 

Data-compared between the 
FDD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 


"T- 


' 


1 








" 




., 


N 




N 


WRITE DELETED DATA 


EOT 


Command 

Execution 
Result 


W 
W 
W 
W 
W 
W 
W 
W 

w 

R 
R 
R 
R 
R 
R 
R 


MT MF 
XXX 


10 1 
X X HD US1 USO 


Command Codes 

Sector ID information prior 
to Command execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
FDD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 






" 


R 




__ 














DTL 










n 






« - 


"I 2 


C 


u 




N 



Not*: (T) Symbols used in this table are described at the end of this section. 

(2) Aq should equal binary 1 for all operations. 

(3) X ■ Don't care, usually made to equal binary 0. 
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PHASE 


R/W 


DATA BUS 


REMARKS 


PHASE 


R/W 


DATA BUS 


REMARKS 


D 7 


°6 


°H D« D3 D? 


t>1 


°0 


">7 


De 


D S D 4 D 3 D 2 °1 D 




SCAN LOW OR EQUAL 








RECALIBRATE 




Command 

Execution 
Result 


W 

w 
w 
w 
w 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 
R 


MT 
X 


MF 
X 


SK 1 1 
X X X HD 



US1 


1 
uso 


Command Codes 

Sector ID information prior 
Command execution 

Data-compared between the 
■ FDD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 


'Command 
Execution 


W 

w 



X 




X 


11 1 
XX X US1 USO 


Command Codes 

Head retracted to Track 


" 


R 


SENSE INTERRUPT STATUS 




Command 
Result 


w 

R 
R 








10 


Command Codes 

Status information at the end 
of seek-operation about the FDC 


EOT . 






STP 






-PCN : 


SPECIFY 


Command 


W 

w 
w 







-SRT 
— H 


1 1 

,»— « HUT 


Command Codes 




















SENSE DRIVE STATUS 






c 


Command 
Result 


w 
w 

R 



X 



X 


1 
X X X HD US1 USO 


Command Codes 

Status Information about FDD 


n 


n — : 


SCAN HIGH OR EQUAL 




SEEK 


Command 

Execution 
Result 


W 
W 
W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 


MT 
X 


MF 
X 


SK 1 1 1 
X X X HD 



US1 


1 
uso 


Command Codes 

Sector ID information prior 
Command execution 

Data-compared between the 
FDD and main-system 

Status information after 
Command execution 

Sector ID Information after 
Command execution 


Command 
Execution 


w 
w 
w' 



X 



X 


111 1 

X X X HD US1 USO 

NCN 


• Command Codes 

Head is positioned over 
proper Cylinder on 
Diskette 






1 






















- 










~„. 


~rr 




INVALID 




Command 
Result 


w 

R 




Invalid Command Code6 
{NoOp - FDC goes into 
Standby State) 

ST - 80 

(16) 










c 


„ 


N 



COMMAND SYMBOL 
DESCRIPTION 



SYMBOL 


NAME 


DESCRIPTION 


Ao 


Address Line 


Ao controls selection of Main Status Register (Ao = 0) or Data 
Register (Ao = 1 ) 


C 


Cylinder Number 


C stands for the current/selected Cylinder (track) number 
through 76 of the medium. 


D 


Data 


D stands for the data pattern which is going to be written into a 
Sector. 


D7-D0 


Data Bus 


8-bit Data Bus, where D7 stands for a most significant bit, and 
Do stands for a least significant bit. 


DTL 


Data Length 


When N is defined as 00, DTL stands for the data length which 
users are going to read out or write into the Sector. 


EOT 


End of Track 


EOT stands for the final Sector number on a Cylinder. During 
Read or Write operation FDC will stop date transfer after a sector 
# equal to EOT. 


GPL 


Gap Length 


GPL stands for the length of Gap 3. During Read/Write commands 
this value determines the number of bytes that VCOs will stay low 
after two CRC bytes. During Format command it determines the 
size of Gap 3. 


H 


Head Address 


H stands for head number or 1 , as specified in ID field. 


HD 


Head 


HD stands for a selected head number or 1 and controls the 
polarity of pin 27. (H = HD in all command words.) 


HLT 


Head Load Time 


HLT stands for the head load time in the FDD (2 to 254 ms in 
2 ms increments). 


HUT 


Head Unload Time 


HUT stands for the head unload time after a read or write opera- 
tion has occurred (16 to 240 ms in 16 ms increments). 


MF 


FMorMFM Mode 


If MF is low, FM mode is selected, and if it is high, MFM mode is 
selected. 


MT 


Multi-Track 


If MT is high, a multi-track operation is to be performed. If MT = 1 
after finishing Read/Write operation on side FDC will auto- 
matically start searching for sector 1 on side 1. 
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SYMBOL 


NAME 


DESCRIPTION 


N 


Number 


N stands for the number of data bytes 
written in a Sector. 


NCN 


New Cylinder Number 


NCN stands for a new Cylinder number, 
which is going to be reached as a result of the 
Seek operation. Desired position of Head. 


ND 


Non-DMA Mode 


ND stands for operation in the Non-DMA Mode. 


PCN 


Present Cylinder 
Number 


PCN stands for the Cylinder number at the com- 
pletion of SENSE INTERRUPT STATUS 
Command. Position of Head at present time. 


R 


Record 


R stands for the Sector number, which will 
be read or written. 


R/W 


Read/Write 


R/W stands for either Read (R) or Write (W) 
signal. 


SC 


Sector 


SC indicates the number of Sectors per 
Cylinder. 


SK 


Skip 


SK stands for Skip Deleted Data Address Mark. 


SRT 


Step Rate Time 


SRT stands for the Stepping Rate for the FDD. 
(1 to 16 ms in 1 ms increments.) Stepping Rate 
applies to all drives, (F » 1 ms, E - 2 ms, etc.). 


STO 
ST1 
ST 2 
ST 3 


Status 
Status 1 
Status 2 
Status 3 


ST 0-3 stand for one of four registers which 
store the status information after a command 
has been executed. This information is 
available during the result phase after command 
execution. These registers should not be con- 
fused with the main status register (selected by 
Ao = 0). ST 0-3 may be read only after a com- 
mand has been executed and contain informatior 
relevant to that particular command. 


STP 




During a Scan operation, if STP = 1, the data in 
contiguous sectors is compared byte by byte 
with data sent from the processor (or DMA); 
and if STP = 2, then alternate sectors are read 
and compared. 


USO, US1 


Unit Select 


US stands for a selected drive number or 1 . 



COMMAND SYMBOL 
DESCRIPTION (CONT. 



TV 



<2. 



PBp-7 

MEMR 

Tor 
m£MW 
low 
cs 

HRQ 
HLDA 



I 



SYSTEM CONFIGURATION 



8080 SYSTEM BUS 




A 
DBn-7 



INT 
RESET 



i£ 



READ 

DATA 

WINDOW 



UPD8257 

DMA 

CONTROLLER 



TERMINAL 
COUNT 



MPD765 

FDC 



C 



INPUT CONTROL 



DRIVE 
INTERFACE 



OUTPUT CONTROL 



$. 
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PROCESSOR INTERFACE 



POLLING FEATURE OF 
THE MPD765 



During Command or Result Phases the Main Status Register (described earlier) must be 
read by the processor before each byte of information is written into or read from the 
Data Register. After each byte of data read or written to Data Register, CPU should 
wait for 12 /*s before reading MSR. Bits D6 and D7 in the Main Status Register must 
be in a and 1 state, respectively, before each byte of the command word may be 
written into the juPD765. Many of the commands require multiple bytes, and as a 
result the Main Status Register must be read prior to each byte transfer to the juPD765. 
On the other hand, during the Result Phase, D6 and D7 in the Main Status Register 
must both be 1's (D6 = 1 and D7 = 1) before reading each byte from the Data Register. 
Note, this reading of the Main Status Register before each byte transfer to the /iPD765 
is required in only the Command and Result Phases, and NOT during the Execution 
Phase. 

During the Execution Phase, the Main Status Register need not be read. If the/iPD765 
is in the NON-DMA Mode, then the receipt of each data byte (if |iiPD765 is reading 
data from FDD) is indicated by an Interrupt signal on pin 18 (INT = 1). The generation 
of a Read signal (RD = 0) or Write signal (WR = 0) will reset the Interrupt as well as 
output the Data onto the Data Bus. If the processor cannot handle Interrupts fast 
enough (every 13 jus) for MFM and 27 (is for FM mode, then it may poll the Main 
Status Register and then bit D7 (ROM) functions just like the Interrupt signal. If a 
Write Command is in process then the WR signal performs the reset to the Interrupt 
signal. 

If the ;uPD765 is in the DMA Mode, no Interrupts are generated during the Execution 
Phase. The ;uPD765 generates DRQ's (DMA Requests) when ea ch byte of data is avail- 
able. The DMA Controller responds to this request with both a DACK = (DMA 
Ackn owledg e) and a RD = (Read signal). When the DMA Acknowledge signal goes 
low (DACK = 0) then the DMA Request is reset (DRQ = 0). If a Write Command has 
been programmed then a WR signal will appear instead of RD. After the Execution 
Phase has been completed (Terminal Count has occurred) or EOT sector was read/ 
written, then an Interrupt will occur (INT = 1). This signifies the beginning of the 
Result Phase, When the first byte of data is read during the Result Phase, the Interrupt 
is automatically reset (INT = 0). 

It is important to note that during the Result Phase all bytes shown in the Command 
Table must be read. The Read Data Command, for example has seven bytes of data in 
the Result Phase. All seven bytes must be read in order to successfully complete the 
Read Data Command. The ;uPD765 will not accept a new command until all seven 
bytes have been read. Other commands may require fewer bytes to be read during the 
Result Phase. 

The /uPD765 contains five Status Registers. The Main Status Register mentioned above 
may be read by the processor at any time. The other four Status Registers (ST0, ST1 , 
ST2, and ST3) are only available during the Result Phase, and may be read only after 
completing a command. The particular command which has been executed determines 
how many of the Status Registers will be read. 

The bytes of data which are sent to the juPD765 to form the Command Phase, and are 
read out of the ;uPD765 in the Result Phase, must occur in the order shown in the 
Command Table. That is, the Command Code must be sent first and the other bytes 
sent in the prescribed sequence. No foreshortening of the Command or Result Phases 
are allowed. After the last byte of data in the Command Phase is sent to the ;uPD765, 
the Execution Phase automatically starts. In a similar fashion, when the last byte of 
data is read out in the Result Phase, the command is automatically ended and the 
/iPD765 is ready for a new command. 

After the Specify command has been sent to the /uPD765, the Unit Select line US0 and 
US1 will automatically go into a polling mode. In between commands (and between 
step pulses in the SEEK command) thejuPD765 polls all four FDD's looking for a 
change in the Ready line from any of the drives. If the Ready line changes state (usually 
due to a door opening or closing) then the /l*PD765 will generate an interrupt. When 
Status Register (ST0) is read (after Sense Interrupt Status is issued). Not Ready (NR) 
will be indicated. The polling of the Ready line by the /iPD765 occurs continuously 
between commands, thus notifying the processor which drives are on or off line. Each 
drive is polled every 1.024 ms except during the Read/Write commands. 
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READ DATA 

A set of nine (9) byte words are required to place the FDC into the Read Data Mode. After the Read Data 
command has been issued the FDC loads the head (if it is in the unloaded state), waits the specified head 
settling time (defined in the Specify Command), and begins reading ID Address Marks and ID fields. When 
the current sector number ("R") stored in the ID Register (IDR) compares with the sector number read off 
the diskette, then the FDC outputs data (from the data field) byte-to-byte to the main system via the data 
bus. 

After completion of the read operation from the current sector, the Sector Number is incremented by one, 
and the data from the next sector is read and output on the data bus. This continuous read function is called 
a "Multi-Sector Read Operation." The Read Data Command may b e terminated by the receipt of a Terminal 
Count signal. TC should be issued at the same time that the DACK for the last byte of data is sent. Upon 
receipt of this signal, the FDC stops outputting data to the processor, but will continue to read data from the 
current sector, check CRC (Cyclic Redundancy Count) bytes, and then at the end of the sector terminate 
the Read Data Command. 

The amount of data which can be handled with a single command to the FDC depends upon MT (multi- 
track), MF (MFM/FM), and N (Number of Bytes/Sector). Table 1 below shows the Transfer Capacity. 



Multi-Track 
MT 


MFM/FM 
MF 


Bytes/Sector 
N 


Maximum Transfer Capacity 
(Bytes/Sector) (Number of Sectors) 


Final Sector Read 
from Diskette 







1 


00 
01 


(128) (26) = 3,328 
(256) (26) = 6,656 


26 at Side 
or 26 at Side 1 


1 
1 



1 


00 
01 


(128) (52) = 6,656 
(256) (52) = 13,312 


26 at Side 1 







1 


01 
02 


(256) (15) = 3,840 
(512) (15) = 7,680 


15 at Side 
or 1 5 at Side 1 


1 

1 



1 


01 
02 


(256) (30) = 7,680 
(512)(30) = 15,360 


1 5 at Side 1 








1 


02 
03 


(512X8) = 4,096 
(1024X8) = 8,192 


8 at Side 
or 8 at Side 1 


1 
1 



1 


02 
03 


(512X16) = 8,192 
(1024) (16) = 16,384 


8 at Side 1 



Table 1. Transfer Capacity 

The "multi-track" function (MT) allows the FDC to read data from both sides of the diskette. For a 
particular cylinder, data will be transferred starting at Sector 1, Side and completing at Sector L, Side 1 
(Sector L = last sector on the side). Note, this function pertains to only one cylinder (the same track) on 
each side of the diskette. 

When N = 0, then DTL defines the data length which the FDC must treat as a sector. If DTL is smaller than 
the actual data length in a Sector, the data beyond DTL in the Sector, is not sent to the Data Bus. The FDC 
reads (internally) the complete Sector performing the CRC check, and depending upon the manner of com- 
mand termination, may perform a Multi-Sector Read Operation. When N is non-zero, then DTL has no 
meaning and should be set to FF Hexidecimal. 

At the completion of the Read Data Command, the head is not unloaded until after Head Unload Time 
Interval (specified in the Specify Command) has elapsed. If the processor issues another command before 
the head unloads then the head settling time may be saved between subsequent reads. This time out is 
particularly valuable when a diskette is copied from one drive to another. 

If the FDC detects the Index Hole twice without finding the right sector, (indicated in "R"), then the FDC 
sets the ND (No Data) flag in Status Register 1 to a 1 (high), and terminates the Read Data Command. 
(Status Register also has bits 7 and 6 set to and 1 respectively.) 

After reading the ID and Data Fields in each sector, the FDC checks the CRC bytes. If a read error is 
detected (incorrect CRC in ID field), the FDC sets the DE (Data Error) flag in Status Register 1 to a 1 (high), 
and if a CRC error occurs in the Data Field the FDC also sets the DD (Data Error in Data Field) flag in 
Status Register 2 to a 1 (high), and terminates the Read Data Command. (Status Register also has bits 7 
and 6 set to and 1 respectively.) 

If the FDC reads a Deleted Data Address Mark off the diskette, and the SK bit (bit D5 in the first Command 
Word) is not set (SK = 0), then the FDC sets the CM (Control Mark) flag in Status Register 2 to a 1 (high), 
and terminates the Read Data Command, after reading all the data in the Sector. If SK - 1, the FDC skips 
the sector with the Deleted Data Address Mark and reads the next sector. The CRC bits in the deleted data 
field are not checked when SK ■ 1 . 

During disk data transfers between the FDC and the processor, via the data bus, the FDC must be serviced 
by the processor every 27 jus in the FM Mode, and every 13 ms in the MFM Mode, or the FDC sets the OR 
(Over Run) flag in Status Register 1 to a 1 (high), and terminates the Read Data Command. 

If the processor terminates a read (or write) operation in the FDC, then the ID Information in the Result 
Phase is dependent upon the state of the MT bit and EOT byte. Table 2 shows the values for C, H, R, and 
N, when the' processor terminates the Command. 
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FUNCTIONAL 

DESCRIPTION OF 

COMMANDS (CONT.) 



MT 


HD 


Final Sector Transferred to Processor 


ID Information at Result Phase 


C 


H 


R 


N 








Less than EOT 


NC 


NC 


R + 1 


NC 





Equal to EOT 


C + 1 


NC 


R = 01 


NC 


1 


Less than EOT 


NC 


NC 


R + 1 


NC 


1 


Equal to EOT 


C+1 


NC 


R = 01 


NC 


1 





Less than EOT 


NC 


NC 


R + 1 


NC 





Equal to EOT 


NC 


LSB 


R = 01 


NC 


1 


Less than EOT 


NC 


NC 


R + 1 


NC 


1 


Equal to EOT 


C+ 1 


LSB 


R =01 


NC 



Notes: 1 NC (No Change): The same value as the one at the beginning of command execution. 
2 LSB (Least Significant Bit): The least significant bit of H is complemented. 



WRITE DATA 

A set of nine (9) bytes are required to set the FDC into the Write Data mode. After the Write Data command 
has been issued the FDC loads the head (if it is in the unloaded state), waits the specified Head Settling Time 
(defined in the Specify Command), and begins reading ID Fields. When all four bytes loaded during the com- 
mand (C, H, R, N) match the four bytes of the ID field from the diskette, the FDC takes data from the 
processor byte-by-byte via the data bus, and outputs it to the FDD. 

After writing data into the current sector, the Sector Number stored in "R" is incremented by one, and the 
next data field is written into. The FDC continues this "Multi-Sector Write Operation" until the issuance of 
a Terminal Count signal. If a Terminal Count signal is sent to the FDC it continues writing into the current 
sector to complete the data field. If the Terminal Count signal is received while a data field is being written 
then the remainder of the data field is filled with 00 (zeros). 

The FDC reads the ID field of each sector and checks the CRC bytes. If the FDC detects a read error 
(incorrect CRC) in one of the ID Fields, it sets the DE (Data Error) iiag of Status Register 1 to a 1 (high), 
and terminates the Write Data Command. (Status Register also has bits 7 'and 6 set to and 1 respectively.) 

The Write Command operates in much the same manner as the Read Command. The following items are the 
same, and one should refer to the Read Data Command for details'. 

• Transfer Capacity • Head Unload Time Interval 

• EN (End of Cylinder) Flag • ID Information when the processor terminates command (see Table 2) 

• ND (No Data) Flag » Definition of DTL when N = and when N + 

In the Write Data mode, data transfers between the processor and FDC, via the Data Bus, must occur every 
27 /as in the FM mode, and every 13 ms in the MFM mode. If the time interval between data transfers is 
longer than this then the FDC sets the OR (Over Run) flag in Status Register 1 to a 1 (high), and terminates 
the Write Data Command. (Status Register also has bit 7 and 6 set to and 1 respectively.) 

WRITE DELETED DATA 

This command is the same as the Write Data Command except a Deleted Data Address Mark is written at the 
beginning of the Data Field instead of the normal Data Address Mark. 

READ DELETED DATA 

This command is the same as the Read Data Command except that when the FDC detects a Data Address 
Mark at the beginning of a Data Field (and SK = (low), it will read all the data in the sector and set the 
CM flag in Status Register 2 to a 1 (high), and then terminate the command. If SK = 1 , then the FDC skips 
the sector with the Data Address Mark and reads the next sector. 



READ A TRACK 

This command is similar to READ DATA Command except that this is a continuous READ operation 
where the entire data field from each of the sectors are read. Immediately after encountering the 
INDEX HOLE, the FDC starts reading all data fields on the track, as continuous blocks of data. If the 
FDC finds an error in the ID or DATA CRC check bytes, it continues to read data from the track. The 
FDC compares the ID information read from each sector with the value stored in the IDR, and sets the 
JND flag of Status Register 1 to a 1 (high) if there is no comparison. Multi-track or skip operations are not 
'allowed with this command. 

This command terminates when number of sectors read is equal to'EOT. If the FDC does not find 
an ID Address Mark on the diskette after it encounters the INDEX HOLE for the second time, 
then it sets the MA (missing address mark) flag in Status Register 1 to a 1 (high), and terminates 
the command. (Status Register has bits 7 and 6 set to and 1 respectively.) 
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READ 10 

The READ ID Command is used to give the present position of the recording head. The F DC stores the 
values from the first ID Field it is able to read. If no proper ID Address Mark is found on the diskette, 
before the INDEX HOLE is encountered for ttie second time then the MA (Missing Address Mark] flag in 
Status Register 1 is set to a 1 (high), and if no data is found then the ND (No Data) flag is also set in Status 
Register 1 to a 1 (high). The command is then terminated with Bits 7 and 6 in Status Register set to 
and 1 respectively. During this command there is no data transfer between FDC and the CPU except during 
the result phase. 

FORMAT A TRACK 

The Format Command allows an entire track to be formatted. After the INDEX HOLE is detected, Data is 
written on the Diskette; Gaps, Address Marks, ID Fields and Data Fields, all per the IBM System 34 (Double 
Density) or System 3740 (Single Density) Format are recorded. The particular format which will be written 
is controlled by the values programmed into N (number of bytes/sector), SC (sectors/cylinder), GPL (Gap 
Length), and D (Data Pattern) which are supplied by the processor during the Command Phase. The Data 
Field is filled with the Byte of data stored in D. The ID Field for each sector is supplied by the processor; 
that is, four data requests per sector are made by the FDC for C (Cylinder Number), H (Head Number), 
R (Sector Number) and N (Number of Bytes/Sector). This allows the diskette to be formatted with non- 
sequential sector numbers, if desired. 

The processor must send new values for C, H, R, and N to the mPD765 for each sector on the track. If FDC ' 
is set for DMA mode, it will issue 4 DMA requests per sector. If it is set for interrupt mode, it will issue four 
interrupts per sector and the processor must supply C, H, R and N load for each sector. The contents of 
the R register is incremented by one after each sector is formatted, thus, the R register contains a value of 
R when it is read during the Result Phase. This incrementing and formatting continues for the whole track 
until the FDC encounters the INDEX HOLE for the second time, whereupon it terminates the command. 

If a FAULT signal is received from the FDD at the end of a write operation, then the FDC sets the EC 
flag of Status Register to a 1 (high), and terminates the command after setting bits 7 and 6 of Status 
Register to and 1 respectively. Also the loss of a READY signal at the beginning of a command 
execution phase causes bits 7 and 6 of Status Register to be set to and 1 respectively. 
Table 3 shows the relationship between N, SC, and GPL for various sector sizes: 
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8" STANDARD FLOPPY 






5%"MINI FLOPPY 


FORMAT 


SECTOR SIZE 


N 


SC 


GPL® 


GPL (2) 


SECTOR SIZE 


N 


SC 


GPL® 


GPL® 




128 bytes/Sector 


00 


1A 


07 


1B 


1 28 bytes/Sector 


00 


12 


07 


09 


FM Mode 


256 


01 


OF 


0E 


2A 


128 


00 


10 


10 


19 




512 


02 


08 


1B 


3A 


256 


01 


08 


18 


30 




1024 bytes/Sector 


03 


04 


47 


8A 


512 


02 


04 


46 


87 




2048 


04 


02 


C8 


FF 


1024 


03 


02 


C8 


FF 




4096 


05 


01 


C8 


FF 


2048 


04 


Q1 


C8 


FF 




256 


01 


1A 


0E 


36 


256 


01 


12 


0A 


OC 




512 


02 


OF 


1B 


54 


256 


01 


10 


20 


32 


MFM Mode 


1024 
2048 


03 
04 


08 
04 


35 
99 


74 
FF 


512 
1024 


02 
03 


08 
04 


2A 
80 


50 
F0 




4096 


05 


02 


C8 


FF 


2048 


04 


02 


C8 


FF 




8192 


06 


01 


C8 


FF 


4096 


05 


01 


C8 


FF 



Table 3 

Note: © Suggested values of GPL in Read or Write Commands to avoid splice point between data field 
and ID field of contiguous sections. 

@ Suggested values of GPL in format command. 

(3) In MFM mode FDC can not perform a read/write/format operation with 128 bytes/sector. (N = 00) 

@ All the values are hexidecimal. 
SCAN COMMANDS 

The SCAN Commands allow data which is being read from the diskette to be compared against data which 
is being supplied from the main system. The FDC compares the data on a byte-by-byte basis, and looks for 
a sector of data which meets the conditions of DprjD " D Processor< D FDD * D Processpr- or D FDD > 
D Processor- Tne hexidicemial byte of FF either from memory or from FDD can be used as a mask byte 
because it always meet the condition of the compare. Ones complement arithmetic is used for comparison 
(FF = largest number, 00 = smallest number). After a whole sector of data is compared, if the conditions 
are not met, the sector number is incremental (R + STP -► R), and the scan operation is continued. The scan 
operation continues until one of the following conditions occur; the conditions for scan are met (equal, 
low, or high), the last sector on the track is reached (EOT), or the terminal count signal is received. 
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If the conditions for scan are met then the FDC sets the SH (Scan Hit) flag of Status Register 2 to a 1 
(high), and terminates the Scan Command. If the conditions for scan are not met between the starting 
sector (as specified by R) and the last sector on the cylinder (EOT), then the FDC sets the SN (Scan Not 
Satisfied) flag of Status Register 2 to a 1 (high), and terminates the Scan Command. The receipt of a 
TERMINAL COUNT signal from the Processor or DMA Controller during the scan operation will cause the 
FDC to complete the comparison of the particular byte which is in process, and then to terminate the com- 
mand. Table 4 shows the status of bits SH and SN under various conditions of SCAN. 



COMMAND 


STATUS REGISTER 2 


COMMENTS 


BIT 2 = SN 


BIT 3 = SH 


Scan Equal 



1 


1 



DFDD = DProcessor 
DFDD * Dp r ocessor 


Scan Low or Equal 





1 


1 




DFDD = Dp roC e S sor 
DFDD < Dprocessor 
D FDD > D Processor 


Scan High or Equal 





1 


1 





DFDD = Dp rocessor 
DFDD > Dp roc e SS or 
DFDD < Dprocessor 



Table 4 



If the FDC encounters a Deleted Data Address Mark on one of the sectors (and SK = 0), then it regards the 
sector as the last sector on the cylinder, sets CM (Control Mark) flag of Status Register 2 to a 1 (high) and 
terminates the command. If SK = 1, the FDC skips the sector with the Deleted Address Mark, and reads 
the next sector. In the second case (SK = 1), the FDC sets the CM (Control Mark) flag of Status Register 2 
to a 1 (high) in order to show that a Deleted Sector had been encountered. 

When either the STP (contiguous sectors = 01, or alternate sectors = 02 sectors are read) or the MT (Multi- 
Track) are programmed, it is necessary to remember that the last sector on the track must be read. For 
example, if STP = 02, MT = 0, the sectors are numbered sequentially 1 through 26, and we start the Scan 
Command at sector 21 ; the following will happen. Sectors 21, 23, and 25 will be read, then the next sectoi 
(26) will be skipped and the Index Hole will be encountered before the EOT value of 26 can be read. This 
will result in an abnormal termination of the command. If the EOT had been set at 25 or the scanning 
started at sector 20, then the Scan Command would be completed in a normal manner. 

During the Scan Command data is supplied by either the processor or DMA Controller for comparison 
against the data read from the diskette. In order to avoid having the OR (Over Run) flag set in Status 
Register 1, it is necessary to have the data available in less than 27 jus (FM Mode) or 13 /lis (MFM Mode). If 
an Overrun occurs the FDC ends the command with bits 7 and 6 of Status Register set to and 1, 
respectively. 

SEEK 

The read/write head within the FDD is moved from cylinder to cylinder under control of the Seek Com- 
mand. FDC has four independent Present Cylinder Registers for each drive. They are clear only after 
Recalibrate command. The FDC compares the PCN (Present Cylinder Number) which is the current head 
position with the NCN (New Cylinder Number), and if there is a difference performs the following 
operation: 

PCN < NCN: Direction signal to FDD set to a 1 (high), and Step Pulses are issued. (Step In.) 
PCN > NCN: Direction signal to FDD set to a (low), and Step Pulses are issued. (Step Out.) 
The rate at which Step Pulses are issued is controlled by SRT (Stepping Rate Time) in the SPECIFY Com- 
mand. After each Step Pulse is issued NCN is compared against PCN, and when NCN » PCN, then the SE 
(Seek End) flag is set in Status Register to a 1 (high), and the command is terminated. At this point 
FDC interrupt goes high. Bits DB0-DB3 in Main Status Register are set during seek operation and 
are cleared by Sense Interrupt Status command. 

During the Command Phase of the Seek operation the FDC is in the FDC BUSY state, but during the 
Execution Phase it is in the NON BUSY state. While the FDC is in the NON BUSY state, another Seek 
Command may be issued, and in this manner parallel seek operations may be done on up to 4 Drives at 
once. No other command could be issued for as long as FDC is in process of sending Step Pulses to any 
drive. 

If an FDD is in a NOT READY state at the beginning of the command execution phase or during the seek 
operation, then the NR (NOT READY) flag is set in Status Register to a 1 (high), and the command is 
terminated after bits 7 and 6 of Status Register are set to and 1 respectively. 
If the time to write 3 bytes of seek command exceeds 150 MS, the timing between first two Step Pulses 
may be shorter than set in the Specify command by as much as 1 ms. 
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RECALIBRATE 

The function of this command is to retract the read/write head within the FDD to the Track position. 
The FDC clears the contents of the PCN counter, and checks the status of the Track signal from the 
FDD. As long as the Track signal is low, the Direction signal remains (low) and Step Pulses are issued. 
When the Track signal goes high, the SE (SEEK END) flag in Status Register is set to a 1 (high) and the 
command is terminated. If the Track signal is still low after 77 Step Pulse have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags of Status Register to both 1s (highs), and 
terminates the command after bits 7 and 6 of Status Register is set to and 1 respectively. 

The ability to do overlap RECALIBRATE Commands to multiple FDDs and the loss of the READY signal, 
as described in the SEEK Command, also applies to the RECALIBRATE Command. 

SENSE INTERRUPT STATUS 

An Interrupt signal is generated by the FDC for one of the following reasons: 

1. Upon entering the Result Phase of : 

a. Read Data Command 

b. Read a Track Command 

c. Read ID Command 

d. Read Deleted Data Command 

2. Ready Line of FDD changes state 

3. End of Seek or Recalibrate Command 

4. During Execution Phase in the NON-DMA Mode 

Interrupts caused by reasons 1 and 4 above occur during normal command operations and are easily dis- 
cernible by the processor. During an execution phase in NON-DMA Mode, DB5 in Main Status Register 
is high. Upon entering Result Phase this bit gets clear. Reason 1 and 4 does not require Sense Interrupt 
Status command. The interrupt is cleared by reading/writing data to FDC. Interrupts caused by reasons 
2 and 3 above may be uniquely identified with the aid of the Sense Interrupt Status Command. This 
command when issued resets the interrupt signal and via bits 5, 6, and 7 of Status Register identifies 
the cause of the interrupt. 



e. Write Data Command 

f. Format a Cylinder Command 

g. Write Deleted Data Command 
h. Scan Commands 



SEEK END 
BIT 5 


INTERRUPT CODE 


CAUSE 


BIT 6 


BIT 7 





1 


1 


Ready Line changed state, either polarity 


1 








Normal Termination of Seek or Recalibrate Command 


1 


1 





Abnormal Termination of Seek or Recalibrate Command 



Table 5 

Neither the Seek or Recalibrate Command have a Result Phase. Therefore, it is mandatory to use the Sense 

Interrupt Status Command after these commands to effectively terminate them and to provide verification of 

where the head is positioned (PCN). 

Issuing Sense Interrupt Status Command without interrupt pending is treated as an invalid command. 
SPECIFY 

The Specify Command sets the initial values for each of the three internal timers. The HUT (Head Unload Time) 
defines the time from the end of the Execution Phase of one of the Read/Write Commands to the head unload 
state. This timer is programmable from 16 to 240 ms in increments of 16 ms (01 =16 ms, 02 = 32 ms . . . . OF = 
240 ms). The SRT (Step Rate Time) defines the time interval between adjacent step pulses. This timer is pro- 
grammable from 1 to 16 ms in increments of 1 ms (F - 1 ms, E - 2 ms, D = 3 ms, etc.). The HLT (Head Load 
Time) defines the time between when the Head Load signal goes high and when the Read/Write operation starts. 
This timer is programmable from 2 to 254 ms in increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms . . . 7F = 
254 ms). 

The time intervals mentioned above are a direct function of the clock (CLK on pin 19). Times indicated above 
are for an 8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy application) then all time intervals are 
increased by a factor of 2. 

The choice of DMA or NON-DMA operation is made by the ND (NON-DMA) bit. When this bit is high (ND = 1) 
the NON-DMA mode is selected, and when ND ■ the DMA mode is selected. 

SENSE DRIVE STATUS 

This command may be used by the processor whenever it wishes to obtain the status of the FDDs. Status 
Register 3 contains the Drive Status information stored internally in FDC registers. 

INVALID 

If an invalid command is sent to the FDC (a command not defined above), then the FDC will terminate the com- 
mand after bits 7 and 6 of Status Register are set to 1 and respectively. No interrupt is generated by the 
MPD765 during this condition. Bit 6 and bit 7 (DIO and ROM) In the Main Status Register are both high ("1 ") 
indicating to the processor that the /iPD765 is in the Result Phase and the contents of Status Register (STO) 
must be read. When the processor reads Status Register it will find a 80 hex indicating an invalid command 
was received. 

A Sense Interrupt Status Command must be sent after a Seek or Recalibrate Interrupt, otherwise the FDC will 
consider the next command to be an Invalid Command. 

In some applications the user may wish to use this command as a No-Op command, to place the FDC in a 
standby or no operation state. 
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STATUS REGISTER 
IDENTIFICATION 



BIT 


DESCRIPTION 


NO. | NAME | SYMBOL 


STATUS REGISTER 


D 7 
D6 


Interrupt 
Code 


IC 


D7=0andD6=0 

Normal Termination of Command, (NT). Com- 
mand was completed and properly executed. 


D7 = and D6 = 1 

Abnormal Termination of Command, (AT). 
Execution of Command was started, but was not 
successfully completed. 


D7= 1 and D6 = 

Invalid Command issue, (IC). Command which 

was issued was never started. 


D7 = 1 and D6 = 1 

Abnormal Termination because during command 

execution the ready signal from FDD changed 

state. 


D 5 


Seek End 


SE 


When the FDC completes the SEEK Command, 
this flag is set to 1 (high). 


D4 


Equipment 
Check 


EC 


If a fault Signal is received from the FDD, or if 
the Track Signal fails to occur after 77 Step 
Pulses (Recalibrate Command) then this flag is 
set. 


D 3 


Not Ready 


NR 


When the FDD is in the not-ready state and a 
read or write command is issued, this flag is set. 
If a read or write command is issued to Side 1 of 
a single sided drive, then this flag is set. 


D 2 


Head 
Address 


HD 


This flag is used to indicate the state of the head 
at Interrupt. 


D1 


Unit Select 1 


US1 


These flags are used to indicate a Drive Unit. 
Number at Interrupt. 


DO 


Unit Select 


'uso 


STATUS REGISTER 1 


D 7 


End of 
Cylinder 


EN 


When the FDC tries to access a Sector beyond 
the final Sector of a Cylinder, this flag is set. 


D6 






Not used. This bit is always (low). 


D5 


Data Error 


DE 


When the FDC detects a CRC error in either the 
ID field or the data field, this flag is set. 


D 4 


Over Run 


OR 


If the FDC is not serviced by the main-systems 
during data transfers, within a certain time 
interval, this flag is set. 


D3 






Not used. This bit always (low). 


D 2 


No Data 


ND 


During execution of READ DATA, WRITE 
DELETED DATA or SCAN Command, if the 
FDC cannot find the Sector specified in the IDR 
Register, this flag is set. 


During executing the READ ID Command, if 
the FDC cannot read the ID field without an 
error, then this flag is set. 


During the execution of the READ A Cylinder 
Command, if the starting sector cannot be 
found, then this flag is set 
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BIT 


DESCRIPTION 


NO. | NAME | SYMBOL 


STATUS REGISTER 1 (CONT.) 


D1 


Not 
Writable 


NW 


During execution of WRITE DATA, WRITE 
DELETED DATA or Format A Cylinder Com- 
mand, if the FDC detects a write protect signal 
from the FDD, then this flag is set. 


DO 


Missing 
Address 
Mark 


MA 


If the FDC cannot detect the ID Address Mark 
after encountering the index hole twice, then 
this flag is set. 


If the FDC cannot detect the Data Address Mark 
or Deleted Data Address Mark, this flag is set. 
Also at the same time, the MD (Missing Address 
Mark in Data Field) of Status Register 2 is set. 


STATUS REGISTER 2 


D 7 






Not used. This bit is always (low). 


D6 


Control 
Mark 


CM 


During executing the READ DATA or SCAN 
Command, if the FDC encounters a Sector which 
contains a Deleted Data Address Mark, this 
flag is set. 


D5 


Data Error in 
Data Field 


DD 


If the FDC detects a CRC error in the data field 
then this flag is set. 


D 4 


Wrong 
Cylinder 


WC 


This bit is related with the ND bit, and when the 
contents of C on the medium is different from 
that stored in the IDR, this flag is set 


D3 


Scan Equal 
Hit 


SH 


During execution, the SCAN Command, if the 
condition of "equal" is satisfied, this flag is set. 


D 2 


Scan Not 
Satisfied 


SN 


During executing the SCAN Command, if the 
FDC cannot find a Sector on the cylinder which 
meets the condition, then this flag is set 


D1 


Bad 
Cylinder 


BC 


This bit is related with the ND bit, and when the 
content of C on the medium is different from 
that stored in the IDR and the content of C is 
FF, then this flag is set. 


DO 


Missing 
Address Mark 
in Data Field 


MD 


When data is read from the medium, if the FDC 
cannot find a Data Address Mark or Deleted 
Data Address Mark, then this flag is set. 


STATUS REGISTER 3 


D7 


Fault 


FT 


This bit is used to indicate the status of the 
Fault signal from the FDD. 


D6 


Write 
Protected 


WP 


This bit is used to indicate the status of the 
Write Protected signal from the FDD. 


D 5 


Ready 


RY 


This bit is used to indicate the status of the 
Ready signal from the FDD. 


D 4 


Track 


TO 


This bit is used to indicate the status of the 
Track signal from the FDD. 


D3 


Two Side 


TS 


This bit is used to indicate the status of the 
Two Side signal from the FDD. 


D 2 


Head Address 


HD 


This bit is used to indicate the status of Side 
Select signal to the FDD. 


D1 


Unit Select 1 


US 1 


This bit is used to indicate the status of the Unit 
Select 1 signal to the FDD. 


DO 


Unit Select 


USO 


This bit is used to indicate the status of the Unit 
Select signal to the FDD. 



STATUS REGISTER 
IDENTIFICATION (CONT.) 
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It is suggested that you utilize the following applications notes: 

(D #8 — for an example of an actual interface, as well as a "theoretical" data 
separator. 

(2) #10 — for a well documented example of a working phase lock loop. 



PACKAGE OUTLINE 

MPD765AD L 



f 







^ck -4k 




-JErn 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.03 MAX 


B 


1.62 MAX 


0.06 MAX 


C 


2.54 t 0.1 


0.1 ± 0.004 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


48.26 ± 0.1 


1 .9 ± 0.004 


F 


1.02 MIN 


0.04 MIN 


G 


3.2 MIN 


0.13 MIN 


H 


1.0 MIN 


0.04 MIN 


I 


3.5 MAX 


0.14 MAX 


J 


4.5 MAX 


0.18 MAX 


K 


15.24 TYP 


0.6 TYP 


L 


14.93 TYP 


0.59 TYP 


M 


0.25 ± 0.05 


0.01 ± 0.0019 



PACKAGE OUTLINE 
MPD765AC 




ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 i 0.1 


0.10+ 0.004 


D 


0.5 i 0.1 


0.019+ 0.004 


E 


48.26 


1.9 


F 


1.2 MIN 


0.047 MIN 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.019 MIN 


I 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 


L 


13.2 


0.520 


M 


+ 0.1 
0.25 

0.05 


+ 0.004 

ooio nnM 

0.002 




765ADS-R EV3-1 -82-CAT 
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/IPD7001 



8-BIT SERIAL OUTPUT A/D CONVERTER 



DESCRIPTION The/uPD7001 is a high performance, low power 8-bit CMOS A/D converter which 
consists of a 4 channel analog multiplexer, and a digital interface circuit for serial 
data I/O. The NECjuPD7001 A/D converter uses successive approximation as a 
conversion technique. 

An A/D conversion system can be easily designed with the #PD7001 including all 
circuits for A/D conversion. The juPD7001 can be directly connected to 8-bit or 
4-bit microprocessors. 



FEATURES 



PIN CONFIGURATION 



• Single chip A/D Converter 

• Resolution: 8 Bit 

• 4 Channel Analog Multiplexer 

• Auto-Zeroscale and Auto-Fullscale Corrections without any external components 

• Serial Data Transmission 

• High Input Impedance: 1,000 MI2 

• Single +5V Power Supply 

• Low Power Operation 

• Available in 16 Pin Plastic Package 

• Conversion Speed 140 us Typ. 

PIN NAMES 




(TOP VIEW) 



EOC* 


End of Conversion 


DL 


Analog Channel Data Load 


SI 


Serial Data Input 


SCK 


Serial Data Clock 


SO* 


Serial Data Output 


CS 


Chip Select 


CL 0' CL 1 


Successive Approximation Clock 


V SS 


Digital Ground 


A 0' A 1' A 2' A 3 


Analog Inputs 


AG 


Analog Ground 


V REF 


Reference Voltage Input 


V DD 


+5V 



Open Drain 
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The 4 channel analog inputs are selected by a 2-bit signal which is applied to a serial 
input and latched with a DL signal. The converted 8-bit digital signals are output from 
an open collector serial out put ( SO). The serial digital signals are synchronized with an 
external clock applied to a SCK terminal. The internal sequence controller controls 
A/D conversion by initiating a conversion cycle at a rise of the Chip Select (CS). At 
the final step of each A/D conversion cycle the converted data is transmitted to an 8-bit 
shift register and immediately the next conversion cycle is started. This step results in 
storage of the newest data in a shift register. At the final step of the first A/D conver- 
sion cycle, an end of conversion signal (EOC) is output indicating that the converted 
data is stored in a shift register. At a low level (active) of the chip select, the sequence 
controller and EOC are reset and the A/D conversion is stopped. 



FUNCTIONAL 
DESCRIPTION 



BLOCK DIAGRAM 



V REF°- 




32n 




SUCCESSIVE 

APPROXIMATION 

REGISTER 



~X1 — R — I 

Js g 



SEQUENCE 
CONTROLLER 



-OCL 
-OCL, 



1. 
I 



m 



Operating Temperature -0 C to +70 C 

Storage Temperature -65°C to +150°C 

Analog Input Voltage -0.3 to VqD +0.3 Volts 

Reference Input Voltage -0.3 to Vqd +0 - 3 Volts 

Digital Input Voltage -.. -0.3 to +12 Volts 

Max. Pull-up Voltage +12 Volts 

Supply Voltages -0.3 to +7 Volts 

Power Dissipation 200 mW 

T a = 25°C 

♦COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 
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AC CH AR ACTE R ISTICS I T a ■ 25 ± 2°c ; f CK - 4 oo k Hz; v DD - +5V; © 



DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


EO"C Hold Time 


tHECS 









MS 


ES5toCS 


CS Setup Time 


tSCSK 


12.5 






MS 


CStoScR.Q 


Address Data Setup Time 


*SIK 


150 






ns 




Address Data Hold Time 


*HKI 


100 






ns 




High Level Serial Clock 
Pulse Width 


l WHK 


400 






ns 




Low Level Serial Clock 
Pulse Width 


«WLK 


400 






ns 




Data Latch Hold Time 


tHKDL 


200 






ns 


SCK to DL 


Data Latch Pulse Width 


l WHDL 


.200 






ns 




Serial Data Delay Time 


l DKO 






500 


ns 


SCKtoSO.R L -3K,(5) 
CL-30pF 


Delay Time to Floating SO 


*FCSO 






250 


ns 


CS to High Impedance SO 


CS Hold Time 


*HKCS 


200 






ns 





Notes: © At a low level of C? the data is exchanged with external digital circuft and at a high level of C§ the 
MPD7001 performs A/D conversion and does not accept any external digital signal. However, 5 pulses 
of internal clock are needed before digital data output and then the jiPD7001 remains at the pre- 
vious state of high level CS. 
The rating corresponds to the 5 pulses of clock signal. 

tSCSK (Mil-) " 5/fcK 
The serial data delay time depends on load capacitance and pull-up resistance. 



r a - 25 * 2°C; Vdd - +5V ± 10%; Vref ■ 


2.5V; f C K 


- 400 kH2 








PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Resolution 






8 




Bit 


V DD -5V 

V REF - 225 to 2.75V 


Non Linearity 








0.8 


%FSR 


V DD -5V 

Vref " 225 to 2.75V 


Full-Scale Error 








2 


LSB 


V DD -5V 

Vr E f -2.25 to 2.75V 


Full-Scale Error Temp. 
Coefficient 






30 




ppm/°C 


V DD -5V 

Vref "2.25 to 2.75V 


Zero Error 








2 


LSB 


V DD -5V 

Vref -2.25 to 2.75V 


Zero Error Temp. 
Coefficient 






30 




ppm/°C 


V DD -5V 

Vref "2.25 to 2.75V 


Total Unadjusted 
Error 1 


T.U.E.1 






2 


LSB 


V DD -5V 

Vref "2.25 to 2.75V 


Total: Unadjusted 
Error 2 


T.U.E.2 






2 


LSB 


V D D - 4.5 to 5.5V 
Vref -2.5V 


Analog Input Voltage 


V| 







vref 


V 


© 


Analog Input Resistance 


R| 




1000 




Mn 


V| -o to Vdd 


Conversion Time 


*CONV 




140 




MS 


© 


Clock Frequency Range 


f CK 


0.01 


0.4' 


0.5 


MHz 




Clock Frequency 
Distribution 


A f CK 




±5 


±20 


* 


R -'27 KB, C-47pF 
< f CK - 0.4 MHz) 


Serial Clock Frequency 


f SCK 






1 


MHz 


© 


High Level Voltage 


V|H 


3.6 






V 




Low Level Voltage 


VlL 






1.4 


V 




Digital Input Leakage 
Current 


•l 




1.0 


10 


MA 


V| - V S sto+12V 


Low Level Output 
Voltage 


vol 






0.4 


V 


lOL "1.7 mA 


Output Leakage Current 


'l 




1.0 


10 


MA 


VQ-+12V 


Power Dissipation 


Pd 




5 


15 


mW 






Notes: © All digital outputs are put at a high level when V| > Vref- 

© The A/D conversion is started with CS going to a high level end et the final step of the first A/D 
conversion the EOC is at a low. 
The conversion time is: 
t CONV-14x4x1/f C K 
© For fsCK > 500 kHz . the ioa d capacitor (stray capacitance included) and the pull-up resistor which 
are connected to serial output are required to be not more than 30 pF and 4 Kft respectively. 
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DIGITAL DATA OUTPUT 

a 



TIMING WAVEFORMS 



EOC 



I 



*SCSK H— I'WHx l *'l" I'WLK 

— LTLTLTU 



-H h- { DKO H h-'FCSO 

\ X msb X /; iTTHsrrX tse / 



ANALOG CHANNEL SELECTION 



*scskKH 



1 I L 



j-**HKCS«-| 



yzzKJEUX 



J~L 



[♦"H'WHDL 

Notes: (J) The address set can be performed simultaneously with the digital data 
outputting. 

@ Analog Multiplexer Channel Selections: 



Analog Input Address 


DO 


Dl 


A 


L 


L 


A1 


H 


L 


A 2 


L 


H 


A3 


H 


H 



(j£) Rise and fall time of the above waveforms should not be more than 50 ns. 




PACKAGE OUTLINE 
MPD7001C 



0-16°-mI y«- 



(PLASTIC) 



ITIM 


MILUMITEM 


INCHES 


A 


18.4 MAX. 


0.78 MAX. 


B 


0.81 


0.03 


C 


2.M 


0.10 


D 


as 


0.02 


E 


17.78 


070 


f 


1.3 


0.051 





2.84 MIN. 


0.10 MIN. 


H 


0.8 MIN. 


0.02 MIN. 


1 


4.08 MAX. 


0.18 MAX. 


J 


4.88 MAX. 


018 MAX. 


K 


7.82 


030 


L 


8.4 


0.25 


M 


♦0.10 
aM -0.08 


0.01 



7001DS-REV 2-1-82-CAT 



482 



WEC 

NEC Electronics U.SA Inc. 

Microcomputer Division 



ft PD7002 



10-BIT BINARY A/D CONVERTER 



DESCRIPTION 



FEATURES 



PIN CONFIGURATION 



The juPD7002 is a high performance, low power, monolithic CMOS A/D converter 
designed for microprocessor applications. The analog input voltage is applied to one 
of the four analog inputs. By loading the input register with the multiplexer channel 
and the desired resolution (8 or 1 bits) the integrating A/D conversion sequence is 
started. At the end of conversion EOC signal goes low and if connected to the inter- 
rupt line of microprocessor it will cause an interrupt. At this point the digital data can 
be read in two bytes from the output registers. The juPD7002 also features a status 
register that can be read at any time. 

• Single Chip CMOS LSI 

• Resolution: 8 or 10 Bits 

• 4 Channel Analog Multiplexer 

• Auto-Zeroscale and Auto-Fullscale Corrections without any 
External Components 

• High Input Impedance: 1000M£2 

• Readout of Internal Status Register Through Data Bus 

• Single +5V Power Supply 

• Interfaces to Most 8-Bit Microprocessors 

• Conversion Speed: 5 ms (10 Bit, fc« = 2 MHz) 

• Power Consumption: 15 mW 

• Available in a 28 Pin Plastic Package 

• 2 Performance Ranges 

Conversion Accuracy (Max) T a = 0° to 50°C 
/xPD7002C-1;0.1%FSR 
/XPD7002C ; 0.2% FSR 



Xo C 

*rC 

v S s C 

ci C 

GD C 

GD C. 

VREF C 

GND C 

CH3 C 

CH2 \2 

CH1 G 

CHO C 

V D D C 



-KJ- 



fiPD 
7002 



3 


EOC 


3 


A1 


3 


A0 


3 


RD 


3 


WR 


3 


CS 


3 


DO 


3 


D1 


3 


D 2 


3 


D3 


3 


D 4 


3 


D5 


3 


D 6 


3 


D 7 



PIN NAMES 



x .xi 


External Clock Input 


v S s 


TTL Ground 


Ci 


Integrating Capacitor 


GD 


Guard 


VREF 


Reference Voltage Input 


GND 


Analog Ground 


CH3 


Analog Channel 3 


CH2 


Analog Channel 2 


CH1 


Analog Channel 1 


CHO 


Analog Channel 


VDD 


TTL Voltage (+5V) 


D -D 7 


Data Bus 


CS 


Chip Select 


WR,RD 


Control Bus 


A ,A\ 


Address Bus 


EOC 


End of Conversion Interrupt 




Rev/2 
483 



ftPD7002 



BLOCK DIAGRAM 



12 3 




R0O- 



a,o- 

EOCO- 



_L _r 



E 



I 



THREE 
STATE 
BUFFER 



TT 



D 



' STATU! 

N I 



CONTROL 
MODE DATA 
REGISTER 



n 



MFX DECODE 
AND 12/8 BIT 
REGISTER 



CONVERSION 

DATA 

REGISTER 



7^> 



SEQUENCE 
CONTROL 
SECTION 







m± 



5 



:^i 



-O vref 



T a - to 50°C; V DD - +5 *0.25V, 


V REF = + 2.50V,f CK = 


1 MHz 








PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP | MAX 


Resolution 


7002C-1 




10 


11 


12 


Bits 


V D"BV, 

VREF ■ 2.5 ± 0.25V 


7002C 




9 


11 


12 


Non Linearity 


7002C1 






0.05 


0.1 


%FSR 


V DD -5V, 
Vref" 2.5 ± 0.25V 


7002C 






0.1 


0.2 


Fullscale Error 


7002C-1 






0.05 


0,1 


%FSR 


VDD " 5V, 

vref ■ 2-5 * 0.25V 


7002C 






0.1 


0.2 


Zeraieale Error 


7002C-1 






0.05 


0.1 


%FSR 


Vqd-BV, 

Vref " 2.5 ± 0.25V 


7002C 






0.1 


0.2 


Fullscale Temperature Coefficient 






10 




PPM/°C 


V DD - 5V 


Zeraieale Temperature Coefficient 






10 




PPM/°C 


V DD -6V 


Analog Input Voltage Range 


via 







VREF 


V 




Analog Input Resistance 


Ria 




1000 




Mfl 


Via " v ss to v 0D 


Total Unadjusted Error 1 


7002C-1 


T.U.E. 1 




0.05 


0.1 


%FSR 


Vref "2.25 to 2.75V, 
VDD " 5V 


7002C 


T.U.E. 1 




0.1 


0.2 


Total Unadjusted Error 2 


7002C-1 


T.U.E. 2 




0.05 


0.1 


%FSR 


vref -2.5V. 

VrjO " 4.76 to 5.25V 


7002C 


T.U.E. 2 




0.1 


0.2 


Clock Input Current 


ixi 




5 


50 


MA 




Clock Input High Level 


VXIH 


V cH.4 






V 




Clock Input Low Level 


VXIL 






Vss+1 .4 


V 




High Level Input Voltage 


V|H 


22 






V 


T a --20°Cto+70°C 


Low Level Input Voltage 


VlL 






OS 


V 


T a --20°Cto+70°C 


High Level Output Voltage 


V H 


V DD -1.5 






V 


lo " -1 .6 mA 

T a - -20° C to +70° C 


Low Level Output Voltage 


vol 






0.45 


V 


Iq- +16 mA 

T a - -20°C to +70°C 


Digital Input Leakage Current 


ll 




1 


10 


uA 


V|-VsstoVDD 


High-Z Output Leakage Current 


'Leak 




1 


10 


MA 


v " V SS to Vqd 


Power Dissipation 


Pd 




15 


25 


mW 


f CK <■ 1 MHz 



DC CHARACTERISTICS 
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ABSOLUTE MAXIMUM 
RATINGS* 



AC CHARACTERISTICS 



M PD7002 

Operating Temperature -20°C to +70°C 

Storage Temperature -65°C to +1 50°C 

All Input Voltages -0.3 to Vqd +0 -3 Volts 

Power Supply . -0.3 to +7 Volts 

Power Dissipation 300 mW 

Analog GND Voltage Vss ± 0.3 Volts 

T a = 25°C 

"COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

T a = 25° ± 2"C; V DD = +5 ± 0.25V; V RE p = 2.5V; ffjK = 1 MHz; C|nt = 0.033 */F 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Conversion Speed (12 bit) 


tCONV 


8.5 


10 


15 


ms 


f CK = 1 MHz 


Conversion Speed (8 bit) 


tCONV 


2.4 


4 


5 


ms 


fCK = 1 MHz 


Clock Frequency Range 


f CK 


0.5 


1 


3 


MHz 




Integrating Capacitor Value 


ClNT* 


0.029 






*iF 


VREF= 2.50V. 
f C K = 1 MHz 


Address Setup Time 
CS,A ,Ai,toWR 


*AW 


50 






ns 




Address Setup Time 
CS.Ag, Ai.to RD 


*AR 


50 






ns 




Address Hold Time WR to 
CS, An, Ai 


*WA 


50 






ns 




Address Hold Time RD to 
CS,A ,Ai 


tRA 


50 






ns 




Low Level WR Pulse Width 


t w w 


400 






ns 




Low Level RD Pulse Width 


tRR 


400 






ns 




Data Setup Time Input 
Data to WR 


*DW 


300 






ns 




Data Hold Time WR to 
Input Data 


tWD 


50 






ns 




Output Delay Time RD to 
Output Data 


tRD 






300 


ns 


1TTL+ 100 pF 


Delay Time to High Z 
Output RD to Floating 
Output 


tDF 






150 


ns 





°INT 

TIMING WAVEFORMS cs 

Ao. Ai 
WR 



D 7 -D 



(MF)(Min)=0.029/f CK (MHz) 



X 



tAW 



X 



^ 



-tww- 



y 



X 



-t DW - 



«WA 



>c:::: 



E 



cs 

AQ.A! 



RD 



D7-D0 



>c 



*AR 



K 



-*RR- 



1 * 



J r 



x 



l RA 



-t D F- 
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CONTROL TERMINALS 


MODE 


INTERNAL 
FUNCTION 


DATA INPUT-OUTPUT 
TERMINALS 


CS 


RD 


WR 


A 1 


A 9 


H 


X 


X 


X 


X 


Not selected 




High impedance 


L 


H 


H 


X 


X 


Not selected 


- 


L 


H 


L 


L 


L 


Write mode 


Data latch 
A/D start 


Input status, Di , Do " MPX address 
D3 - 8 bit/10 bit conversion 
designation.© D2 - Flag Input 


L 


H 


L 


L 


H 


Not selected 


- 


High impedance 


L 


H 


L 


H 


L 


Not selected 


- 


L 


H 


L 


H 


H 


Test mode 


Test status 


Input status© 


L 


L 


H 


L 


L 


Read mode 


Internal status 


D7 - EOC, De - BUSY, D 5 - MSB, 
D4 = 2ndMSB, D3-8/IO, 
D 2 * not used D 1 = MPX, 
Do - MPX 


L 


L 


H 


L 


H 


Read mode 


High data byte 


D7-D0 " MSB - 8th bit 


L 


L 


H 


H 


L 


Read mode 


Low data byte 


D7-D4 - 9th - 10th bit, D3-D0 - L 


L 


L 


H 


H 


H 


Read mode 


Low data byte 



CONTROL TERMINAL 
FUNCTIONS 



Notes: (T) Designation of number of conversion bits: 8 bit - L; 10 bit - H. 

© Test Mode: Used for inspecting the device. The data input-output terminals assume an input 
state and are connected to the A/D counter. Therefore, the A/D conversion data 
read out after this is meaningless. 




PACKAGE OUTLINE 
MPD7002C 



0°-15° 



PLASTIC 



ITEM 


MILLIMETERS 


INCHES 


A 


38.0 MAX. 


1.496 MAX. 


B 


2.49 


0.098 


C 


2.54 


0.10 


D 


0.5 ±0.1 


0.02 ± 0.004 


E 


33.02 


1.3 


F 


1.5 


0.059 


G 


2.54 MIN. 


0.10 MIN. 


H 


0.5 MIN. 


0.02 MIN. 


I 


5.22 MAX. 


0.205 MAX. 


J 


5.72 MAX. 


0.225 MAX. 


K 


15.24 


0.6 


L 


13.2 


0.52 


M 


-ss 


„ . + 0.004 
001 -0.002 
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SEC 

NEC Electronics U.S.A. Inc 

Microcomputer Division 



f*PD7201 



MULTI-PROTOCOL SERIAL CONTROLLER 

DESCR IPTION The mPD7201 is a dual-channel multi-function peripheral controller designed to satisfy a wide 
variety of serial data communication requirements in microcomputer systems. Its basic function is 
a serial-to-parallel, parallel-to-serial converter/controller and within that role it is configurable by 
systems software so its "personality" can be optimized for a given serial data communications 
application. 

The MPD7201 is capable of handling asynchronous and synchronous byte-oriented protocols such 
as IBM Bisync, and synchronous bit-oriented protocols such as HDLC and IBM SDLC. This versa- 
tile device can also be used to support virtually any other serial protocol for applications other 
than data communications. 

The juPD.7201 can generate and check CRC codes in any synchronous mode and can be pro- 
grammed to check data integrity in various modes. The device also has facilities for modem con- 
trols in both channels. In applications where these controls are not needed, the modem controls 
can be used for general-purpose I/O. 



FEATURES • 



PIN CONFIGURATION 



Two Fully Independent Duplex Serial Channels 

Four Independent DMA Channels for Send/Received Data for Both Serial Inputs/Outputs 

Programmable Interrupt Vectors and Interrupt Priorities 

Modem Controls Signals 

Variable, Software Programmable Data Rate, Up to 880K Baud at 4 MHz Clock 

Double Buffered Transmitter Data and Quadruply Buffered Received Data 

Programmable CRC Algorithm 

Selection of Interrupt, DMA or Polling Mode of Operation 

Asynchronous Operation: 

— Character Length: 5, 6,7 or 8 Bits 

— Stop Bits: 1,1-1/2,2 

— Transmission Speed: x1, x1 6, x32 or x64 Clock Frequency 

— Parity: Odd, Even, or Disable 

— Break Generation and Detection 

— Interrupt on Parity, Overrun, or Framing Errors 
Monosync, Bisync, and External Sync Operations: 

— Software Selectable Sync Characters 

— Automatic Sync Insertion 

— CRC Generation and Checking 
HDLC and SDLC Operations: 

— Abort Sequence Generation and Detection 

— Automatic Zero Insertion and Detection 

— Address Field Recognition 

— CRC Generation and Checking 

— I-Fie'ld Residue Handling 
N-Channel MOS Technology 

Single +5V Power Supply; Interface to Most Microprocessors Including 8080, 8085, 8086 

and Others. 

Single Phase TTL Clock 

Available in Plastic and Ceramic Dual-in-Line Packages 



clkC 


1 


~V> 


40 


Dvcc 


RESET C 


2 




39 


3CTSA 


DCDA C 


3 




38 


Urtsa 


RxCBG 


4 




37 


DTxDA 


DCDBC 


5 




36 


DTxCA 


ctsbC 


6 




35 


URxCA 


TxCBC 


7 




34 


^RxDA 


TxDBC 


8 




33 


3 SYNCA 


RxDBC 


9 




32 


DwAITA/DRQRxA 


rtsb/syncb C 


10 

11 


juPD 
7201 


31 
30 


3 dtra/hao 


WAITB/DRQTxAC 


DPRO/DRQTxB 


D 7 C 


12 




29 


I]PRT/DRQRxB 


DeC 


13 




28 


"J INT 


D 5 C 


14 




27 


3Tnta 


D 4 C 


15 




26 


Ddtrb/hai 


P3C 


16 




25 


Db/a 


D 2 C 


17 




24 


Dc/d 


DiC 


18 




23 


Dcs 


DoC 


19 




22 


Drd 


vssC 


20 




21 


Dwr 


Rev/1 
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PIN DESCRIPTION 



1 

NO. 


PIN 


DESCRIPTION 


SYMBOL 


NAME 


12-19 


D -D 7 


System Data Bus 

(bidirectional, 

3-state) 


The system data bus transfers data and commands between the processor and the 
MPD7201 . Do is the least significant bit. 


25 


B/A 


Channel A or B Select 
(input, High selects 
Channel B) 


This input defines which channel is accessed during a data transfer between the 
processor and the /uPD7201 . 


24 


C/D~ 


Control or Data Select 
(input. High selects 
Control) 


This input defines the type of information transfer performed between the proces- 
sor and the mPD7201 . A High at this input during a processor write to or read from 
the juPD7201 causes the information on the data bus to be interpreted as a com- 
mand for the channel selected by B/A. A low at C/D means that the information on 
the data bus is data. 


23 


CS 


Chip Select (input, 
active Low) 


A low level at this input enables the MPD7201 to accept command or data inputs 
from the processor during a write cycle, or to transmit data to the processor during 
a read cycle. 


1 


CLK 


System Clock (input) 


The MPD7201 uses standard TTL clock. 


22 


RD 


Read (input active 
Low) 


If RD is active, a memory or I/O read operation is in progress. RD is used with C/D, 
B/A and CS to transfer data from the ;uPD7201 to the processor or the memory. 


21 


WR 


Write (input, active 
Low) 


The WR signal is used to control the transfer of either command or data from the 
processor or the memory to the mPD7201 . 


2 




Reset (input, active 
Low) 




RESET 


A low RESET disables both receivers and transmitters, forces TxDA and TxDB 
marking, forces the modem controls high and disables all interrupts. The control 
registers must be rewritten after the mPD7201 is reset and before data is trans- 
mitted or received. RESET must be active for a minimum of one complete CLK 
cycle. 


10,38 


RTSA, RTSB 


Request to Send 
(outputs, active Low) 


When the RTS bit is set, the, RTS output goes Low. When the RTS bit is reset in 
the Asynchronous mode, the output goes High after the transmitter is empty. In 
Synchronous modes, the RTS pin strictly follows the state of the RTS bit. Both 
pins can be used as general-purpose outputs. 


10,33 




Synchronization 
(inputs/outputs, active 
Low) 


These pins can act either as inputs or outputs. In the Asynchronous Receive mode, 
they are inputs similar to CTS and DCD. In this mode, the transitions on these 
lines affect the state of the Sync/Hunt status bits in Read Register 0. In the 
External Sync mode, these lines also act as inputs. When external synchronization 
is achieved, SYNC must be driven Low on the second rising edge of RxC after that 
rising edge of RxC on which the last bit of the sync character was received. In other 
words, after the sync pattern is detected, the external logic must wait for two full 
Receive Clock cycles to activate the SYNC input. Once SYNC is forced Low, it is 
wise to keep it Low until the processor informs the external sync logic that syn- 
chronization has been lost or a new message is about to start. Character assembly 
begins on the rising edge of RxC that immediately precedes the falling edge of 
SYNC in the External Sync mode. 

In the Internal Synchronization mode (Monosync and Bisync), these pins act as 
outputs that are active during the part of the receive clock (RxC) cycle in which 
sync characters are recognized. The sync condition is not latched, so these outputs 
are active each time a sync pattern is recognized, regardless of character boundaries. 


SYNCA, SYNCB 


26,31 




Data Terminal Ready 
(outputs, active Low) 


These outputs follow the state programmed into the DTR bit. They can also be 
programmed as general-purpose outputs. 


DTRA, DTRB 
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jiPD7201 



PIN DESCRIPTION 
(CONT.) 





PIN 


DESCRIPTION 


NO. 


SYMBOL 


NAME 


27 


INTA 


Interrupt 

Acknowledge (input, 
active Low) 


This signal is generated by the processor and is sent to all peripheral devices. It 
serves to acknowledge the interrupt and to allow the highest priority interrupting 
device to put an 8-bit vector on the bus. INT and INTA are compatible with the 
fully nested option of the mPD8259A-5. 


29 


"PRT 


Priority In (input, 
active Low) 


These signals are daisy chained through the peripheral device controllers. The signal 
on these lines is intact until a device with a pending interrupt request is found on 
the chain. After that device, this signal holds off lower priority device interrupts. 
A higher priority device can interrupt the processing of an interrupt from a lower 
priority device, provided the processor has interrupts enabled. 

PR I is used with PRO to form a priority daisy chain when there is more than one 
interrupt-driven device. A Low on this line indicates that no other device of higher 
priority is being serviced by a processor interrupt service routine. 

FRO is Low only if PR I is Low and the processor is not servicing an interrupt from the 
MPD7201 . Thus, this signal blocks lower priority devices from interrupting while a 
higher priority device is being serviced by its processor interrupt service routine. 


30 


PRO" 


Priority Out (output, 
active Low) 


11,29, 
30,32 


DRQTxA, DRQTxB 
DRQRxA, DRQRxB 


DMA Request 
(outputs, active High) 


These signals are generated by the receiver or transmitter of Channel A and 
Channel B. These signals can be connected to most DMA Controllers directly 
and are used for handshaking during DMA transfer. 


26 


HAT 


DMA Acknowledge 
(input, active Low) 


Typically, the HLDA signal driven from the processor is input to the HaI "terminal 
of the highest priority mPD7201 , and the HAUoutput of that mPD7201 is daisy 
chained to the WR\ input of the lower priority juPD7201 and propagated down- 
stream. HAI and HAO signals provide acknowledgement for the highest priority 
outstanding DMA request. 


31 


HAO 


DMA Acknowledge 
(output, active Low) 


28 


TNT 


Interrupt Request 
(output, open 
collector, active Low) 


When the /jPD7201 is requesting an interrupt, it pulls INT low. 


11,32 




(Outputs, open drain) 


Wait lines for both channels that synchronize the processor to the mPD7201 data 
rate. The reset state is open drain. 


WAITA, WAITB 


6,39 




Clear to Send (inputs, 
active Low) 


When programmed as Auto Enables, a Low on these inputs enables the respective 
transmitter. If not programmed as Auto Enables, these inputs may be programmed 
as general-purpose Inputs. Both inputs are Schmitt-trigger buffered to accommodate 
slow-risetime inputs. The mPD7201 detects pulses on these inputs and interrupts 
the processor on both logic level transitions. The Schmitt-trigger inputs do not 
guarantee a specified noise-level margin. 


CTSA, CTSB 


3,5 




Data Carrier Detect 
(inputs, active Low) 


These signals are similar to the CTS inputs, except they can be used as receiver 
enables. 


DCDA, DCDB 


9,34 


RxDA, RxDB 


Receive Data (inputs, 
active High) 




8,37 


TxDA,TxDB 


Transmit Data 
(outputs, active High) 




4,35 




Receiver Clocks 
(inputs) 


The Receiver Clocks may be 1, 16, 32, or 64 times the data rate in asynchronous 
modes. Receive data is sampled on the rising edge of RxC. 


RxCA, RxCB 


7,36 


TxCA, TxCB 


Transmitter Clocks 
(inputs) 


In asynchronous modes, the Transmitter Clocks may be 1, 16, 32, or 64 times the 
data rate. The multiplier for the transmitter and the receiver must be the same. 
Both TxC and RxC inputs are Schmitt-trigger buffered for relaxed rise- and fall- 
time requirements (no noise margin is specified). TxD changes on the falling edge 
of TxC. Note that TxC and RxC in Channel B are on a common pin, RxCB/TxCB. 
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c 



:> 



<3 



INTERRUPT 

CONTROL 

LOGIC 



I N- 

DATA ) 

r— V f 

^controlN 



PROCESSOR 

BUS 
INTERFACE 



c 

u 



o 



11 



DMA 

CONTROL 

LOGIC 



R/W 
REGISTERS 



JI_J 



1 



z 



R/W 
REGISTERS 






CHANNEL A 

CONTROL 

AND 

STATUS 

LOGIC 



V 



CHANNEL B 

CONTROL 

AND 

STATUS 

LOGIC 



BLOCK DIAGRAM 

SERIAL DATA A 
CHANNEL A CLOCK 



-»- MODEM CONTROLS A 



"*" } SERIAL DATA B 

CHANNEL B CLOCK 

»- MODEM CONTROLS B 



Operating Temperature 0° to +70°C ABSOLUTE MAXIMUM 

Storage Temperature -65°Cto +150°C RATINGS* 

Voltage on Any Pin . -0.5 to +7 Volts G) 

Note: © With respect to ground. 

T a = 25°C 

"COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



T a = C to +70° C; Vqc = +5V ±10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


Input Low Voltage 


V|L 


-0.5 


+0.8 


V 




Input High Voltage 


V.IH 


+2.0 


Vcc+0.5 


V 




Output Low Voltage 


vol 




+0.45 


V 


IOL = + 2.0 mA 


Output High Voltage 


VOH 


+2.4 




V 


I O H = -200mA 


Input Leakage Current 


IlL 




±10 


^A 


V|N = VcctoOV 


Output Leakage Current 


lOL 




±10 


jliA 


V0UT = VcctoOV 


VcC Supply Current 


ice 




180 


mA 





T a = 25°C;Vcc = GND = 0V 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


Input Capacitance 


C|N 




10 


PF 


fc= 1 MHz 

Unmeasured pins 
Returned to GND 


Output Capacitance 


COUT 




15 


pF 


Input/Output 
Capacitance 


C|/0 




20 


PF 



DC CHARACTERISTICS 



CAPACITANCE 
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AC CHARACTERISTICS T a = 0°C to+70°C; Vcc = +5V±10% 



fiPD7201 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


MIN 


MAX 


Clock Cycle 


tCY 


250 


4000 


ns 


Clock High Width 


tCH 


105 


2000 


ns 


Clock Low Width 


tCL 


105 


2000 


ns 


Clock Rise and Fall Time 


tr.tf 





30 


ns 


Address Setup to RD 


*AR 







ns 


Address Hold from R~D~ 


tRA 







ns 


RD Pulse Width 


tRR 


250 




ns 


Data Delay from Address 


tAD 




200 


ns 


Data Delay from RD 


tRD 




200 


ns 


Output Float Delay 


tDF 


10 


100 


ns 


Address Setup to WR 


tAW 







ns 


Address Hold from WR 


tWA 







ns 


WR Pulse Width 


tww 


250 




ns 


Data Setup to WR 


*DW 


150 




ns 


Data Hold from WR" 


*WD 







ns 


PRO Delay from I NTA 


tIAPO 




200 


ns 


PR I Setup to I NTA 


tpiN 







ns 


PR I Hold from I NTA 


t|p 







ns 


I NTA Pulse Width 


til 


250 




ns 


PRO Delay from P"RT 


tPlPO 




100 


ns 


Data Delay from I NTA 


tID 




200 


ns 


Request Hold from RD/WR 


tCQ 




150 


ns 


HAl Setup to RD/WR" 


tLR 


300 




ns 


HAT Hold from RD/WR 


tRL 







ns 


FIAU Delay from "RAT 


tHIHO 




100 


ns 


Recovery Time Between Controls 


tRV 


300 




ns 


WAIT Delay from Address 


tew 




120 


ns 


Data Clock Cycle 


tDCY 


400 




ns 


Data Clock Low Width 


*DCL 


180 




ns 


Data Clock High Width 


tDCH 


180 




ns 


Tx Data Delay 


tTD 




300 


ns 


Data Set up to RxC 


*DS 







ns 


Data Hold from RxC 


*DH 


140 




ns 


INT Delay Time from TxC 


t|TD 




4~6 


tCY 


INT Delay Time from RxC 


t|RD 




7~ 11 


tCY 


Low Pulse Width 


tPL 


200 




ns 


High Pulse Width 


tPH 


200 




ns 


External I NT from CTS, DCD, SYNC 


t|PD 




500 


ns 


Delay from RxC to SYNC 


tDRxC 




100 


ns 



El 
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TIMING WAVEFORMS 



READ CYCLE 



C/D, B/A, CS /», 



-*AR- 



X 



- l RR- 



— -"titRAt-*— 



-tRD- 



-X 



U— «DF 



r© 



® 



PRO 



WRITE CYCLE 



HAI w 



RD/WR 
HAO 



C/D, B/A, CS 
WR 

DB 






^ 



_tww- 



;•: 



'waH- 



— 1 tWDJ 



INTA CYCLE 




DMA CYCLE 

tCQ 



y 



A. 



tHIHO 



\ 



^ 



s 



tRL 



TxD 
TNT 



TRANSMIT DATA CYCLE 



-•-tDChH 



J y tDCL *j/ r K 

* 



X 



Notes: (f) INTA sig nal a cts as RD signal. 

(2) PRI and HAI signals act as CS signal . 
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TIMING WAVEFORMS 
(CONT.) 



RxC 
RxD 
TKiT 



M PD7201 



RECEIVE DATA CYCLE 



-tQCY 



<«-tDCH-w 



/"^jK^^Tn 









cts, Bcd, §Vn5 



TnT 



OTHER TIMING 

«• tPH- 



-tp L _» 

'IPD — 



=L_ 



tCH 



CLOCK 



*CL 



/~^r\ 



C/D. B/A", CS 
RD/WR 



WAITA/B 



READ/WRITE CYCLE 
(SOFTWARE BLOCK TRANSFER MODE) 



.*RV- 



X 



^ 



-*cw 



R*xC* 



SYTJc" 



SYNC PULSE GENERATION 
(EXTERNAL SYNC MODE) 



\ r 



LAST BIT OF 
SYNC CHARACTER 



FIRST BIT OF 
DATA CHARACTER 



a r 



X. 



«DRxC 
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READ REGISTER 



D 7 



D6 D5 



D 4 



D 3 



D 2 



°1 



DO 



Rx CHARACTER AVAILABLE 
INT PENDING (CHANNEL A ONLY) 
Tx BUFFER EMPTY 
DCD \ 

SYNC/HUNT | Used with 

CTS / "External/Status 

T x UNDERRUN/EOM J Interrupt" Mode 
BREAK/ABORT ' 



READ REGISTER 
BIT FUNCTIONS 



READ REGISTER! CD 



D 7 D6" D 5 D4 D3 D2 D-| 



1 










1 


1 
1 








1 






1 
1 




1 


1 
1. 


1 
1 












Do 



I 



ALL SENT (ASYNCHRONOUS ONLY) 

I FIELD 

I FIELD BITS IN 

BITS IN SECOND 

PREVIOUS PREVIOUS 

BYTE BYTE 



PARITY ERROR 
Rx OVERRUN ERROR 
CRC/FRAMING ERROR 
END OF FRAME (SDLC) 






3 N 







4 


| 





5 


I Residue Data for 





6 


{ Eight Rx Bits/ 





7 


' Character 




1 


8 
8 


i Programmed 


2 


8 > 





© 



READ REGISTER 2 




Notes: (T) Used with Special Receive Condition Mode. 

(2) Variable if "Status Affects Vector" is programmed. 
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WRITE REGISTER 
BIT FUNCTIONS 



WRITE REGISTER 



D 7 


D6 


D 5 


D 4 


D 3 


D 2 


D1 


Do 














I I I 




REGISTER 0\ 












1 REGISTER 1 1 












1 REGISTER 2 1 POINTER FOR 












1 1 REGISTER 3 \ THE SELECTION OF 












10 REGISTER 4 /A READ/WRITE 












1 1 REGISTER 5 I REGISTER 












1 10 REGISTER 6 1 












1 11 REGISTER?^ 






NULL CODE 






1 SEND ABORT (SDLC) 






1 RESET EXT/STATUS INTERRUPTS 






1 1 CHANNEL RESET 






1 ENABLE INT ON NEXT Rx CHARACTER 






1 1 RESET Tx INT/DMA PENDING 






1 1 ERROR RESET 






1 1 1 END OF INTERRUPT (EOI - CHAN. A ONLY) 


NULL CODE 


1 RESET RxCRC CHECKER 


1 RESET TxCRC GENERATOR 


1 








RESET Tx UNDERRUN/EOM LATCH 





WRITE REGISTER 1 



D 7 



D 6 



D 5 



D 4 



D 3 



D 2 



D1 



DO 



T_ 



EXT INT ENABLE 
Tx INT ENABLE 
STATUS AFFECTS VECTOR 
(CH. BONLY) 



Rx INT AND DMA DISABLE 

1 Rx INT ON FIRST CHARACTER 

1 INT ON ALL Rx CHARACTERS 

(PARITY AFFECTS VECTOR) 
1 1 INT ON ALL Rx CHARACTERS 

(PARITY DOES NOT AFFECT 
VECTOR) 

■WAIT ON RECEIVER/TRANSMITTER 
-ALWAYS ZERO 
-WAIT ENABLE 



OR ON 

SPECIAL RECEIVE 

CONDITION 



WRITE REGISTER 2 
(CHANNEL B) 



D7 D6 D5 D4 D3 D 2 Df Dq 



II 




INTERRUPT 
VECTOR 
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WRITE REGISTER 2 
(CHANNEL A) 



P 7 | D 6 | D 5 | D 4 | P 3 | D 2 | Pi | Dp 



WRITE REGISTER 
BIT FUNCTIONS 
(CONT.) 












1 


1 
1 




1 



BOTH CHANNELS INTERRUPT 

1 CH. A DMA.CH.B INT 

1 BOTH CHANNELS DMA 
1 1 UNDEFINED 

1 PRIORITY RxA>TxA>RxB>TxB 

1 PRIORITY RxA>RxB>TxA>TxB 
8085 MASTER MODE 

8085 SLAVE MODE 

8086 MODE 
UNDEFINED 



, SYSTEM 
CONFIGURATION 



INTERRUPT VECTORED/NON-VECTORED 
ALWAYS ZERO 



RTSB PIN 10 

1 SYNCBPIN10 



WRITE REGISTER 3 



°7 °6 D5 D 4 p 3 D 2 Pi D 



L. 



Rx ENABLE 

SYNC CHARACTER LOAD INHIBIT 

ADDRESS SEARCH MODE (SDLC) 

RxCRC ENABLE 

ENTER HUNT PHASE 

AUTO ENABLES 



Rx 5 BITS/CHARACTER 

1 Rx 7 BITS/CHARACTER 

1 Rx 6 BITS/CHARACTER 
1 1 Rx 8 BITS/CHARACTER 



WRITE REGISTER 4 



°7 | D6 I 05 I P4 I D3 | °2 \ °1 \ Dp [ 



PARITY ENABLE 

PARITY EVEN/ODD 

SYNC MODES ENABLE 

1 1 STOP BIT/CHARACTER 

1 1 1/2 STOP BITS/CHARACTER 
1 1 2 STOP BITS/CHARACTER 

8 BIT SYNC CHARACTER 

1 16 BIT SYNC CHARACTER 

SDLC MODE (01111110 FLAG) 

1 EXTERNAL SYNC MODE 



X1 CLOCK MODE 

1 X16 CLOCK MODE 

X32 CLOCK MODE 

1 X64 CLOCK MODE 
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WRITE REGISTER 

BIT FUNCTIONS 

(CONT.) 



o 
o 
1 
1 

•DTR 



WRITE REGISTER 5 



| D 7 | D 6 | D 5 | D 4 | D 3 | D 2 | D^ 



DO 



TxCRC ENABLE 
RTS 

CRC-16/CRC-CCITT 
Tx ENmBLE 
SEND BREAK 



Tx 5 BITS (OR LESS)/CHARACTER 

1 Tx 7 BITS/CHARACTER 

Tx 6 BITS/CHARACTER 

1 Tx 8 BITS/CHARACTER 



D 7 



°6 



WRITE REGISTER 6 



D 5 



D 4 



D3 



D 2 D! 



00 



t: 



SYNC BITO 
SYNC BIT 1 
SYNC BIT 2 
SYNC BIT 3 
•SYNC BIT 4 
SYNC BIT 5 
SYNC BIT 6 
SYNC BIT 7 



ALSO SDLC 
ADDRESS FIELD 



WRITE REGISTER 7 



D 7 



06 



D5 



D 4 



D3 



D 2 



Dl 



DO 



H 



SYNC BIT 8 
SYNC BIT 9 
SYNC BIT 10 
SYNC BIT 11 
SYNC BIT 12 
SYNC BIT 13 
SYNC BIT 14 
SYNC BIT 15 



© 



Note: (T) For SDLC it must be programmed to "01111110" for flag recognition. 
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RECEIVE CHARACTER 



PARITY ERROR 
•RECEIVE OVERRUN ERROR 
FRAMING ERROR 
END OF FRAME (SDLCI 



FIRST DATA CHARACTER 
FIRST NON-SYNC 
CHARACTER (SYNC) 
VALID ADDRESS 
BYTE (SDLC) 



PCD TRANSITION 
CTS T RANSITION 
SYNC TRANSITION 
Tx UNDERRUN/EOM 
BREAK/ABORT DETECTION 



BUFFER BECOMING EMPTY 








»iPD7201 
INTERRUPT 


RECEIVE 
INTERRUPT 






EXTERNAL 

STATUS 
INTERRUPT 




TRANSMIT 
INTERRUPT 







INTERRUPT STRUCTURE 



WR2s BITS 
IN CH. A 

°5 °4 D3 


PRIN 


MODE 


CONTENTS ON DATA BUS DRIVEN BY THE mPD7201 AT EACH INTA SEQUENCE 


imTFJta 

Dy D6 D5 D4 D3 D2 Di Do 


2ndTNTA 
D7 D6 D5 D4 D3 D2 Di Do 


3rdlNTA(*) 
D7 De D5 D4 D3 D2 Di Do 


X X 


X 


Non-vectored 


High-Z 


High-Z 


High-Z 


1 9 





8086 Master 


(Call) 
110 110 1 


v 7 V 6 V 5 V 4 V3 V 2 V-\ v 


00000000 


1 9 9 


1 


8085 Master 


110 110 1 


High-Z 


Hlgh-Z 


1 9 1 





8085 Slave 


High-Z 


V 7 V 6 V 5 V4 V 3 V 2 Vt V 


00000900 


1 9 1 


1 


8085 Slave 


High-Z 


High-Z 


High-Z 


1 1 9 





8086 


High-Z 


V 7 V 6 V 5 V 4 V 3 V 2 Vt V 




1 1 


1 


8086 


High-Z 


High-Z 





(*) 3rd INTA is 8085 Mode 



Condition Affects Vector Modifications 



8085 Modes 

8086 Modes 


D 4 
D 2 


D3 

D1 


D 2 
DO 


CONDITION 




1 


1 


1 


No Interrupt Pending 













Channel B Transmitter Buffer Empty 










1 


Channel B External/Status Change 







1 





Channel B Received Character Available 







1 


1 


Channel B Special Receive Condition 




1 








Channel A Transmitter Buffer Empty 




1 
1 
1 




1 
1 


1 



1 


Channel A External/Status Change 
Channel A Received Character Available 
Channel A Special Receive Condition 
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INTELLIGENT GPIB INTERFACE CONTROLLER 

DESCRIPTION ThejuPD7210TLCisan intelligent GPIB Interface Controller designed to meet all of 
the functional requirements for Talkers, Listeners, and Controllers as specified by the 
IEEE Standard 488-1978. Connected between a processor bus and the GPIB, the TLC 
provides high level management of the GPIB to unburden the processor and to simplify 
both hardware and software design. Fully compatible with most processor architectures. 
Bus Driver/Receivers are the only additional components required to implement any 
type of GPIB interface. 

FEATURES • All Functional Interface Capability Meeting IEEE Standard 488-1978 

— SH1 (Source Handshake) 

— AH1 (Acceptor Handshake) 

— T5 or TE5 (Talker or Extended Talker) 

— L3 or LE3 (Listener or Extended Listener) 

— SR1 (Service Request) 

— RL1 (Remote Local) 

— PP1 or PP2 ((Parallel Poll) (Remote or Local Configuration)) 

— DC1 (Device Clear) 

— DT1 (Device Trigger) 

— C1-5 ((Controller) (All Functions)) 

• Programmable Data Transfer Rate 

• 16 MPU Accessible Registers - 8 Read/8 Write 

• 2 Address Registers 

— Detection of MTA, MLA, MSA (My Talk/Listen/Secondary Address) 

— 2 Device Addresses 

• EOS Message Automatic Detection 

• Command (IEEE Standard 488-78) Automatic Processing and Undefined Command 
Read Capability 

• DMA Capability 

• Programmable Bus Transceiver I/O Specification (Works with T.I. /Motorola/Intel) 

• 1 to 8 MHz Clock Range 

• TTL Compatible 

• N Channel MOS 

• +5V Single Power Supply 

• 40-Pin Plastic DIP 

• 8080/85/86 Compatible 



PIN CONFIGURATION 



T/R 1 
T/R 2 


C 


1 

2 


^ 40 

39 


3 
3 


vec 

EOI 


CLOCK 


c 


3 


38 


3 


NDAC 


RESET 


c 


4 


37 


3 


NRFD 


T/R 3 
DMAREQ 


c 


5 
6 


36 
35 


3 
3 


DAV 
DI0 8 


DMAACK 


c 


7 


34 


3 


DI0 7 


CS 
RD 




8 
9 


33 
32 


3 
3 


DI0 6 
OI0 5 


WR 
INT 
DO 
D 1 


c 
c 

c 


10 

11 

12 
13 


/UPD7210 31 

30 
29 
28 


3 
3 
3 
3 


DI0 4 
DI0 3 
DI0 2 
DIO 1 


D 2 C 


14 


27 


3 


SRQ 


D3 


c 


15 


26 


3 


ATN 


D4 C 


16 


25 


3 


REN 


D5 


c 


17 


24 


3 


IFC 


D6 


c 


18 


23 


3 


RS2 


D7 
REV/1 GND 




19 
20 


22 
21 


3 
3 


RS 1 
RS0 
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PIN 


NAME 


I/O 


DESCRIPTION 


1 


T/R1 





Transmit/Receive Control — Input/Output Control Signal 
for the GPIB Bus Transceivers. 


2 


T/R2 





Transmit/Receive Control - The functions of T/R2, T/R3 
are determined by the values of TRM1, TRMO of the 
address mode register. 


3 


CLK 


I 


Clock — (1-8 MHz) Reference Clock for generating the 
state change prohibit times T1, T6, T7, T9 specified in 
IEEE Standard 488-1978. 


4 


RST 


I 


Reset — Resets 7210 to an idle state when high (active high). 


5 


T/R3 





Transmit/Receive Control — Function determined by 
TRM1 and TRMO of address mode register (See T/R2). 


6 


DRQ 





DMA Request — 7210 requests data transfer to the com- 
puter system, becomes low on input of DMA acknowledge 
signal DACK. 


7 


DACK 


I 


DMA Acknowledge — (Active Low) Signal connects the 
computer system data bus to the data register of the 7210. 


8 


cs" 


I 


Chip Select — (Active Low) Enables access to the register 
selected by RS0-2 (read or write operation). 


9 


RD 


I 


Read — (Active Low) Places contents of read register 
specified by RS0-2 - on DO-7 (Computer Bus). 


10 


Wr 


I 


Write — (Active Low) writes data on D0-7 into the write 
register specified by RSO-2. 


11 


INT / 
/INT 





Interrupt Request — (Active High/Low) Becomes active 
due to any 1 of 13 internal interrupt factors (unmasked) 
active state software configurable, active high on chip reset. 


12-19 


D0-7 


I/O 


Data Bus — 8-bit bidirectional data bus, for interface to 
computer system. 


20 


GND 




Ground. 


21-23 


RSO-2 


I 


Register Select — These lines select one of eight read 
(write) registers during a read (write) operation. 


24 


T?C 


I/O 


Interface Clear — Control line used for clearing the inter- 
face functions. 


25 


REN 


I/O 


Remote Enable — Control line used to select remote or 
local control of the devices. 


26 


ATN" 


I/O 


Attention — Control line which indicates whether data on 
DIO lines is an interface message or device dependent message. 


27 


SRQ 


I/O 


Service Request — Control line used to request the con- 
troller for service. 


28-35 


DI01-8 


I/O 


Data Input/Output — 8-bit bidirectional bus for transfer 
of message on the GPIB. 


36 


DAV 


I/O 


Data Valid — Handshake line indicating that data on DIO 
lines is valid. 


37 




I/O 


Ready for Data — Handshake line indicating that device is 
ready for data. 


NRFD 


38 


NDAC 


I/O 


Data Accepted — Handshake line indicating completion of 
message reception. 


39 


EOT 


I/O 


End or Identify — Control line used to indicate the end of 
multiple byte transfer sequence or to execute a parallel 
polling in conjunction with ATN. 


40 


vcc 




+5V DC - Technical Specifications: +5V; NMOS; 
500 MW;40 Pins.TTL Compatible; 1-8 MHz. 



PIN IDENTIFICATION 
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The IEEE Standard 488 describes a "Standard Digital Interface for Programmable 
Instrumentation" which, since its introduction in 1975, has become the most 
popular means of interconnecting instruments and controllers in laboratory, auto- 
matic test and even industrial applications. Refined over several years, the 488-1978 
Standard, also known as the General Purpose Interface Bus (GPIB), is a highly 
sophisticated standard providing a high degree of flexibility to meet virtually most 
all instrumentation requirements. The /iPD7210 TLC implements all of the func- 
tions that are required to interface to the GPIB. While it is beyond the scope of 
this document to provide a complete explanation of the IEEE 488 Standard, a 
basic description follows: 

The GPIB interconnects up to 15 devices over a common set of data control lines. 
Three types of devices are defined by the standard: Talkers, Listeners, and Con- 
trollers, although some devices may combine functions such as Talker/Listener or 
Talker/Controller. 

Data on the GPIB is transferred in a bit parallel, byte serial fashion over 8 Data I/O 
lines (D101 — D108). A3 wire handshake is used to ensure synchronization of 
transmission and reception. In order to permit more than one device to receive data 
at the same time, these control lines are "Open Collector" so that the slowest 
device controls the data rate. A number of other control lines perform a variety of 
functions such as device addressing, interrupt generation, etc. 

The /uPD7210 TLC implements all functional aspects of Talker, Listener and Con- 
troller functions as defined by the 488-1978 Standard, and on a single chip. 



INTRODUCTION 



The juPD7210 TLC is an intelligent controller designed to provide high level protocol 
management of the GPIB, freeing the host processor for other tasks. Control of the 
TLC is accomplished via 16 internal registers. Data may be transferred either under 
program control or via DMA using the TLC's DMA control facilities to further reduce 
processor overhead. The processor interface of the TLC is general in nature and may 
be readily interfaced to most processor lines. 

In addition to providing all control and data lines necessary for a complete GPIB 
implementation, the TLC also provides a unique set of bus transceiver controls 
permitting the use of a variety of different transceiver configurations for maximum 
flexibility. 



GENERAL 



INTERNAL REGISTERS 

The TLC has 16 registers, 8 of which are read and 8 write. 



REGISTER NAME 



ADDRESSING 



SPECIFICATION 



Data In [OR] 
Interrupt Status 1 [1R] 
Interrupt Status 2 [2R] 
Serial Poll Status [3R] 
Address Status [4R] 
Command Pass Through [5R] 
Address [6R] 
Address 1 (7R] 

Byte Out [OW) 
Interrupt Mask 1 [IWl 
Interrupt Mask 2 [2W1 
Serial Poll Mode [3W] 
Address Mode [4Wl 
Auxiliary Mode 15W] 
Address 0/1 [6W] 
End of String [7W] 



1 DI7 I DI6 I DI5 1 DI4 | DI3 | 012 1 DI1 I DIO | 




| CPT | APT | DET | END | DEC | ERR | DO I Dl | 




I INT I SRQI | LOK I REM | CO | LOKC I REMC | ADSCI 




| S8 | PEND | S6 | S6 | S4 | S3 | S2 I SI | 




1 CIC I ATN 1 SPMS I LPAS | TPAS I LA I TA | MJMN| 




| CPT7 | CPT6 I CPT5 | CPT4 | CPT3 | CPT2 | CPT1 | CPTO 1 




1 X 1 DTO 1 DLO 1 AD5-0 1 AD4-0 1 AD3-0 1 AD2-0 1 AD1-0I 




I EOI | DTI | DL1 | AD5-1 | AD4-1 | AD3-1 | AD2-1 | AD1-l| 




| B07 | B06 | B05 | B04 | B03 | B02 | B01 | BOO | 




I CPT | APT I DET I END I DEC I ERR I DO I Dl I 




I I SRQI I DMAO I DMAI | CO I LOKC I REMC I ADSCl 




| S8 | rsv | S6 | S5 | S4 | S3 | S2 | S1 | 




I ton I Ion I TRM1 I TRMO I I I ADM1 I ADMOI 




I CNT2 I CNT1 I CNTO 1 COM4 | COM3 1 COM2 1 COM1 I COMOI 




1 ARS 1 DT 1 DL 1 AD5 1 AD4 I AD3 1 AD2 1 AD1 I 




| EC7 | EC6 | EC5 j EC4 | EC3 | EC2 | EC1 | ECO | 
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DATA REGISTERS 

The data registers are used for data and command transfers between the GPIB and the 
microcomputer system. 

DATA IN (OR) |DI7 | DI6 | DI5 | DI4 | DI3 | DI2 | DI1 | DIP [ 

Holds data sent from the GPIB to the computer 

BYTE OUT (OW) I BQ7 | BQ6"| BQ5 | BQ4 | BQ3 | BQ2 | BQ1 | BOOl 

Holds information written into it for transfer to the GPIB 

INTERRUPT REGISTERS 

The interrupt registers are composed of interrupt status bits, interrupt mask bits, 
and some other noninterrupt related bits. 



INTERRUPT 
STATUS 1 [1R] 

INTERRUPT 
STATUS 2 [2R] 



INTERRUPT 
MASK 1 [1W] 

INTERRUPT 
MASK 2 [2W] 



There are thirteen factors which can generate an interrupt from the /uPD7210, each 
with their own status bit and mask bit. 

The interrupt status bits are always set to one if the interrupt condition is met. 
The interrupt mask bits decide whether the INT bit and the interrupt pin will be 
active for that condition. 



| CPT 


| APT 


DET 


END | DEC 


ERR 


DO 


I °' 




| INT 


| SRQI 


LOK 


REM | CO 


LOKC 


REMC 


|adsc| 


WRITE 


| CPT 


I APT 


DET 


END | DEC 


ERR 


DO 


D. 




I o 


| SRQI 


DMAO 


DMA I | CO 


LOKC 


REMC 


[ADSC| 



Interrupt Status Bits 



INT 


OR of All Unmasked Interrupt Status Bits 


CPT 


Command Pass Through 


APT 


Address Pass Through 


DET 


Device Trigger 


END 


End (END or EOS Message Received) 


DEC 


Device Clear 


ERR 


Error 


DO 


Data Out 


Dl 


Data In 


SRQI 


Service Request Input 


LOKC 


Lockout Change 


REMC 


Remote Change 


ADSC 


Address Status Change 


CO 


Command Output 




Noninterrupt Related Bits 



LOK 


Lockout 


REM 


Remote/Local 


DMAO 


Enable/Disable DMA Out 


DMAI 


Enable/Disable DMA In 



503 



pPD7210 



SERIAL POLL REGISTERS 



SERIAL POLL 
STATUS [3R] 



| S8 


| pend| 


S6 


S5 | S4 


I S3 


S2 


81 


WRITE 


| S8 


I rsv I 


S6 


S5 | S4 


| S3 


S2 


S1 | 



SERIAL POLL 
MODE [3W] 



The Serial Poll Mode register holds the STB (status byte: S8, S6-S1 ) sent over the 
GPIB and the local message rsv (request service). The Serial Poll Mode register 
may be read through the Serial Poll Status register. The PEND is set byTSV= 1, and 
cleared by NPRS»ifSV = 1 (NPRS = Negative Poll Response State). 

ADDRESS MODE/STATUS REGISTERS 

ADDRESS STATUS [4R] | CIC | ATTC | SPMS | LPAS | TPAS | LA | TA | MJMN | 

ADDRESS MODE [4W] | ton | Ion I TRM1 | TRMO | | | ADM1 [ ADMp"1 

The Address Mode register selects the address mode of the device and also sets the 
mode for T/R3 and T/R2 the transceiver control lines. 

The functions of T/R2, T/R3 terminals (2 and 5) are determined as below by 
the TRM1, TRMO values of the address mode register. 



T/R2 


T/R3 


TRM1 


TRMO 


EOIOE 


TRIG 








CIC 


TRIG 





1 


CIC 


EOIOE 


1 





CIC 


PE 


1 


1 



EOIOE = TACS + SPAS + CIC ■ CSBS 

This denotes the input/output of EOI terminal. 

When "1": Output 
When "0": Input 

CIC = CIDS + CADS 

This denotes if the controller inteface function is active or not. 

When "1": ATN = outpu t, SRQ = input 
When "0": ATN = input, SRQ = output 

PE = CIC + PPAS 

This indicates the type of bus driver connected to DI08 to DI01 and DAV lines. 

When "1": 3 state type 

When "0": Open collector type 

TRIG: When DTAS state is initiated or when a trigger auxiliary command is 
issued, a high pulse is generated. 

Upon RESET, TRMO and TRM1 become "0" (TRMO = TRM1 = 0) and local 
message port is provided, so that T/R2 and T/R3 both become "LOW." 
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ton 


Ion 


ADM1 


ADMO 


ADDRESS 
MODE 


CONTENTS OF 

ADDRESS (0) 

REGISTER 


CONTENTS OF 

ADDRESS (1) 

REGISTER 


1 











Talk only 
mode 


Address Identification Not Necessary 
(No controller on the GPIB) 
Not Used 





1 








Listen only 
mode 











1 


Address mode 1 


Major talk address 
or Major listen 
address 


Minor talk address 
or Minor listen 
address 








1 





Address mode 2 


Primary address 
(talk or listen) 


Secondary address 
(talk or listen) 




o 





1 


1 


Address mode 3 
© 


Primary address 
(major talk or 
major listen) 


Primary address 
(minor talk or 
minor listen) 


Combinations other than above 
indicated Prohibited. 



\y— Either MTA or MLA reception is indicated by coincidence of either address with the 
received address. Interface function T or L. 

\2)— Address register = primary. Address register 1 = secondary, interface function TE 
or LE. 

^3J— CPU must read secondary address via Command Pass Through Register interface 
function (TE or LE). 



ADDRESS STATUS BITS 

ATN 

LPAS 

TPAS 

CIC 

LA 

TA 

MJMN 

SPMS 



Data Transfer Cycle (device in CSBS) 

Listener Primary Addressed State 

Talker Primary Addressed State 

Controller Active 

Listener Addressed 

Talker Addressed 

Sets minor T/L address Reset = Major T/L address 

Serial Poll Mode State 



ADDRESS REGISTERS 

ADDRESS [6R] 
ADDRESS 1 [7R] 
ADDRESS 0/1 [6W] 



I X I DTP | DLO | AD5-0 IAD4-0 I AD3-0 IAD2-0I AD1-0I 
I EOI I DT1 | DL1 IAD5-1 1AD4-1 | AD3-1 | AD2-1 | ADlT| 
I ARS 1 DT | PL | AD5 I AD4 | AD3 I AD2 I AD1 I 



The TLC is able to automatically detect two types of addresses which are held in 
address registers and 1. The addressing modes are outlined below. 
Address settings are made by writing into the address 0/1 register. The function 
of each bit is described below. 

ADDRESS 0/1 REGISTER BIT SELECTIONS 

ARS — Selects which address register or 1 

DT — Permits or Prohibits address to be detected as Talk 

DL — Permits or Prohibits address to be detected as Listen 

AD5 — AD1 — Device address value 

EOI — Holds the value of EOI line when data is received 

COMMAND PASS THROUGH REGISTER 

COMMAND PASS ^___^ . 

THROUGH [5R] | CPT7 [ CPT6 I CPT5 | CPT4 [ CPT3 | CPT2 [ CPT1 [ CPTOJ 

The CPT register is used such that the CPU may read the DIO lines in the cases of 
undefined command, secondary address, or parallel poll response. 



El 
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END OF STRING REGISTER 



END OF ^___^ ^____ ^___^ 

STRING [7W] |EC7 | EC6 | EC5 | EC4 | EC3 | EC2 [ EC1 | ECOJ 

This register holds either a 7- or 8-bit EOS message byte used in the GPIB system to 
detect the end of a data block. Aux Mode Register A controls the specific use of 
this register. 



AUXILIARY MODE REGISTER 



AUXILIARY ' 

MODE [5W] J CNT2 | CNT1 | CNTO | COM4 | COM3 | COM2 | COM1 [ COMO"] 

This is a multipurpose register. A write to this register generates one of the following 
operations according to the values of the CNT bits. 



2 


CNT 
1 


4 


3 


COM 

2 


1 





OPERATION 








c 4 


c 3 


C2 


Cl 


CO 


Issues an auxiliary command specified by 
C4 to Cg. 





1 





1=3 


F2 


F1 


FO 


The reference clock frequency is specified 
and Ti, T6, T7,Tg are determined as a 
result. 


1 1 


u 


S 


P3 


P2 


Pi 


Makes write operation to the parallel poll 
register. 


1 


A 4 


A 3 


A 2 


A1 


A 


Makes write operation to the aux. (A) 
register. 


1 1 


B 4 


B3 


B 2 


Bl 


BO 


Makes write operation to the aux. (B) 
register. 


1 1 











El 


EO 


Makes write operation to the aux. (E) 
register. 



AUXILIARY COMMANDS C 4 C3 C 2 C1 C 



COM 



43210 




00000 


iepo 


00010 


erst 


00011 


rrfd 


00100 


trig 


00101 


rtl 


00110 


seoi 


00111 


nvld 



01111 

0X001 
10000 
10001 
10010 
11010 



vld 

sppf 

gts 

tea 

tcs 

tcse 



Immediate Execute pon — Generate local 

pon Message 

Chip Reset — Same as External Reset 

Release RFD 

Trigger 

Return to Local Message Generation 

Send EOI Message 

Non Valid (OSA reception) — Release DAC 

Holdoff 

Valid (MSA reception, CPT, DEC, DET) - 

Release DAC Holdoff 

Set/Reset Parallel Poll Flag 

Go To Standby 

Take Control Asynchronously 

Take Control Synchronously 

Take Control Synchronously on End 



10011 Itn - Listen 

11011 Itnc - Listen with Continuous Mode 

11100 lun - Local Unlisten 

11101 epp - Execute Parallel Poll 
1X110 sifc - Set/Reset I FC 
1X111 sren - Set/Reset REN 
10100 dsc - Disable System Control 
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INTERNAL COUNTER 1 .0 F 3 F 2 F} F 



The internal counter generates the state change prohibit times (T-j, Tg, Jy, Tg) 
specified in the IEEE std 488-1978 with reference to the clock frequency. 

AUXILIARY A REGISTER 1 A 4 A 3 A 2 A] A 

Of the 5 bits that may be specified as part of its access word, 2 bits control the 
GPIB data receiving modes of the 7210 and 3 bits control how the EOS message is 
used. 



A1 


A0 


DATA RECEIVING MODE 








Normal Handshake Mode 





1 


RFD Holdoff on all Data Modes 


1 





RFD Holdoff on End Mode 


1 


1 


Continuous Mode 



BIT 

NAME 


FUNCTION 


A 2 





Prohibit 


Permits (prohibits) the setting of the END bit 
by reception of the EOS message. 

Permits (prohibits) automatic transmission of 
END message simultaneously with the trans- 
mission of EOS message TACS. 

Makes the 8 bits/7 bits of EOS register the 
valid EOS message. 


1 


Permit 


A3 





Prohibit 


1 


Permit 


A 4 





7 bit EOS 


1 


8 bit EOS 



AUXILIARY B REGISTER 1 1 B 4 B 3 B 2 B-| B 

The Auxiliary B Register is much like the A Register in that it controls the special 
operating features of the device. 



BIT 
NAME 


FUNCTION 


BO 


1 


Permit 


Permits (prohibits) the detection of undefined 
command. In other words, it permits (pro- 
hibits) the setting of the CPT bit on reception 
of an undefined command. 





Prohibit 


B1 


1 


Permit 


Permits (prohibits) the transmission of the 
END message when in serial poll active state 
(SPAS). 





Prohibit 


B 2 


1 


T1 ^ 
(high-speed) 


Ti (high speed) as Ti of handshake after 
transmission of 2nd byte following data 
transmission. 





T1 

(low-speed) 


B3 


1 


INT 


Specifies the active level of INT pin. 





INT 


B 4 


1 


ist = SRQS 


SRQS indicates the value of ist level local 
message (the value of the parallel poll flag 
is ignored). 

SRQS = 1 ... ist = 1. 

SRQS = . . . ist = 0. 





ist = Parallel 
Poll Flag 


The value of the parallel poll flag is taken 
as the ist local message. 
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AUXILIARY E REGISTER 11 E] E 

This register controls the Data Acceptance Modes of the TLC. 



BIT 


FUNCTION 


EO 


1 


Enable 


DAC Holdoff by initiation of DCAS 





Disable 


E1 


1 


Enable 


DAC Holdoff by initiation of DTAS 





Disable 



Parallel Poll Register 1 1 U S P3 P2 Pi 

The Parallel Poll Register defines the parallel poll response of the ^PD7210. 






1 


1 l u 


s 


P3 


P2 


Pi 



SPECIFYING STATUS BIT 
"OUTPUT LINE (DI01 TO DI08) 

SPECIFYING STATUS BIT 
"POLARITY 

S= 1 : IN PHASE 

S = 0: REVERSE PHASE 

( U = 1 : NO RESPONSE TO PARALLEL POLL 
( U = : RESPONSE TO PARALLEL POLL 
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A18-8 

AD 7 ^ 



IO/M 

MPD8085 ^2. 
WR 

ALE 

RESET OUT 

CLK 

RST 7.5 



RST 6.5 



RST 5.5 



RESET IN 



c 



ri> 



DECODER 





2 




c 




^ 


£ 


00 


H 


O 
00 


J. 


en 


t 


en 


TJ 
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O 


O) 


vj 


H 
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i£ 



" " - " " 



2^ 
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3*3 
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ml 



TIMER OUT 



M PD8155 



IZ 



BUS TRANSCEIVERS 



^ 



PA 7 .8 PB 7 .8 PC5.fi 

^rv ^r> ^TN 



x> O O 

DEVICE CONTROL 




o 
10 




liPD7210 



MPD7210 



DIP 
DI06 



dtoi 



DTO4 
DIQ 2 



DIC^ 

T/R, 

T/R 3 (EOIOE) 
TOT 

NRFD 
N6ac 



T/R 2 (CIC) 
SfTo" 

ATKT 

■R1F3 

rpc 



-O-rO 



DATA A BUS A 

DATA B BUS B 

DATA C BUS C 

DATA D BUS D 

~ | S/R A -D PE A-D 



-DI0 8 
-DIO7 
-DI0 6 
-DI0 5 



DATA A BUS A 

DATA B BUS B 

DATA C BUS C 

DATA D BUS D 

S/Ra-D PEA-D 



S/R A 

DATA A BUS A 

S/R B 

DATA B BUS B 

S/R C 

DATA C BUS C 

S/R D 

DATA D BUS D 

PEA-D 



*-[>>— S/R A 

DATA A 



S/R B 
DATAB 
| — | S/Rc 

DATAC 
"—|S/R D 
DATAD 



BUSB 
BUSC 



PEEa-D -, i 



MINIMUM 8085 SYSTEM 
WITH/xPD7210(CONT.) 



■ D104 
-dio 3 
-dio 2 
-Dio-i 



-EOI 
-DAV 
-NRFD 
-NDAC 



.SRQ 
-ATN 
■REN 
-IFC 



TT 

"H""L" "L" 

Note: In this example, high-speed data transfer cannot be made since the bus 
transceiver is of the open collector type (Set B2 = 0). 



dio 8 
PT07 

DTrJj 
BT07 
DIO3 
dio 2 
DTfj; 

T/R3 (PE) 



jiPD7210 T/R-i 



T/R 2 (CIC) 
SRQ" 
ATN 
EOT* 
DAV 
HRTB 
NDAC 

r"eTJ 



D8 B 8 

D7 B7 

D6 B 6 

D 5 B 5 

D 4 SN75160 B/ » 

D3 B 3 

D 2 B 2 

D1 Bl 



PE 



TE 



><3PIB 



-o- 



TE 
DC 

SRQ 
ATN 

E01 SN75161 

DAV 

NRFD 

NDAC 

IFC 

REN 



Note: 



In the case of low-speed data transfer (B2 = 0), the T/R3 pin can be used as a 
TRIG output. The PE input of SN75160 should be cleared to "0." 
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ABSOLUTE MAXIMUM 
RATINGS 



(T a -25°C) 



Parameter 



Supply Voltage 



Input Voltage 



Output Voltage 



Operating Temperature 



Storage Temperature 



Symbol 



V C C 



V| 



'opt 



'stg 



Test Conditions 



Ratings 



-0.5 ~ + 7.0 



-0.5 ~ +7.0 



-0.5 ~ +7.0 



0~+70 



-65 ~ +125 



Unit 



DC CHARACTERISTICS (T a -0~+70°c, v cc = 5V± K 



Parameter 


Symbol 


Test Conditions 


Limits 


Unit 


Min. 


Typ 


Max. 


Input Low Voltage 


V|L 




-0.5 




+0.8 


V 


Input High Voltage 


V|H 




+2.0 




V C C + 0-5 


V 


Low Level 

Output Voltage 


vol 


iOL = 2 mA 
(4mA:T/R1 Pin) 






+0.45 


V 


High Level 

Output Voltage 


VOH1 


l OH = _40 °/ llA 
(Except INT) 


+2.4 






V 


High Level 

Output Voltage 
(INT Pin) 


VOH2 


'OH = -400mA 
•OH=-50juA 


+2.4 
+3.5 






V 


Input Leakage 
Current 


l|L 


V| N = 0V~V CC 


-10 




+10 


MA 


Output Leakage 
Current 


"OL 


V UT = 0.45V ~ V C C 


-10 




+10 


MA 


Supply Current 


'cc 








+180 


mA 



CAPACITANCE (T a = 25"c, v cc = gnd = ov) 



Parameter 


Symbol 


Test Conditions 


Limits 


Unit 


Min. 


Typ. 


Max 


Input Capacitance 


C|N 


f = 1 MHz 

All Pins Except Pin Under 
Test Tied to AC Ground 






10 


pF 


Output Capacitance 


C(XJT 






15 


pF 


I/O Capacitance 


Cl/O 






20 


pF 
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(T a = 0~70°C,V cc = 


5V ±10%) 










Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Max 


eou-dTo 


tEODI 


PPSS -* PPAS, ATN = True 




260 


ns 


E0U-»T/R1t 


tEOT11 


PPSS - PPAS, ATN = True 




155 


ns 


EOlt-vT/RH 


*EOT12 


PPAS -PPSS, ATN = False 




200 


ns 




tATND 


AIDS-ANRS, LIDS 




155 


ns 


ATNI -* NDACI 


atnwt/ru 


tATT1 


TACS + SPAS-* TADS, CIDS 




155 


ns 


aTKu -+ T/R2I 


tATT2 


TACS + SPAS -+ TADS, CIDS 




200 


ns 


DAVj. ~+ DMAREQ 


*DVRQ 


ACRS ■* ACDS, LACS 




600 


ns 


DAVI -* NRFDI 


*DVNR1 


ACRS-ACDS 




350 


ns 


DAVI-NDACt 


*DVND1 


ACRS -» ACDS -AWNS 




650 


ns 


DAVt -► NDACl 


*DVND2 


AWNS-fANRS 




350 


ns 


DAVt -*NRFDt 


*DVNR2 


AWNS -► ANRS -»• ACRS 




350 


ns 




tRNR 


ANRS-+ACRS 
LACS, Dl reg. selected 




500 


ns 


RD±-*NRFDt 


NDACt-+DMAREQt 


l NDRQ 


STRS - SWNS -+ SGNS, TACS 




400 


ns 




*NDDV 


STRS -+SWNS-+ SGNS 




350 


ns 


NDACt -* DAVt 


WRt-*"Dl0 


tWDI 


SGNS-SDYS, BO 
reg. selected 




250 


ns 


NRFDt-*DAVI 


tNRDV 


SDYS - STRS, Tj - True 




350 


ns 


WRt-*DAV; 


*WDV 


SGNS -+SDYS-+ STRS 
BO reg, selected, RFD = True 
N F «fc = 8MHz, 
Ti (High Speed) 




830 
+tSYNC 


ns 


TRIG 
Pulse Width 


tTRIG 




50 




ns 



AC CHARACTERISTICS 



512 



fiPD721Q 



AC CHARACTERISTICS 
(CONT.) 



(T a - ~ 70°C, V C C - 5V ± 10%) 



Parameter 


Symbol 


Test Conditions 


Limits 


Unit 


Min 


Max 


Address Setup to RD 


tAR 


RSO ~ RS2 


85 




ns 


CS 







ns 


Address Hold from RD 


tRA 









ns 


RD Pulse Width 


tRR 




170 




ns 


Data Delay from Address 


tAD 






250 


ns 


Data Delay from RD4. 


tRD 






150 


ns 


Output Float Delay from RDt 


tDF 







80 


ns 


RD Recovery Time 


tRV 




250 




ns 




Address Setup to WR 


*AW 









ns 


Address Hold from WR 


«WA 









ns 


WR Pulse Width 


tww 




170 




ns 


Data Setup to WR 


tDW 




150 




ns 


Data Hold from WR 


tWD 









ns 


WR Recovery Time 


*RV 




250 




ns 




DMAREQ; Delay from DMAACK 


tAKRQ 






130 


ns 




*AKD 






200 


ns 


Data Delay from DMAACK 



B 
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TIMING WAVEFORMS 



CS, RS2 ~ 



Ed 



D7~0 



DMAACK 



DMAREQ 



■*AR 



\ 



'tRR 



y 



*RD- 



tAD- 



\ 



■ tAKD- 



-*RA- 



■tRV 






-•"J tDF |-«- 



y^/^^^HigVlmpedanceX/^Xy^j^ Valid ^^HigMmpedance //y 



-*AKRQ' 



/ 



\ 



C§, RS2 ~ 



WR 



D7~0 



X 



K 



•*AW- 



\ 



-tww- 



£ 



tDW 



/ 



■tWA- 



-tRV 



i-tWD*- 



K_ 



721 ODS-R EV 1 -1 -82-CAT 
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NEC 

NEC Electronics U.S.A. Inc. 

Microcompmter Division ^1 

Description w 

The ^PD7220 Graphics Display Controller (GDC) is an 
intelligent microprocessor peripheral designed to be the 
heart of a high-performance raster-scan computer graphics 
and character display system. Positioned between the 
video display memory and the microprocessor bus, the 
GDC performs the tasks needed to generate the raster dis- 
play and manage the display memory. Processor software 
overhead is minimized by the GDC's sophisticated instruc- 
tion set, graphics figure drawing, and DMA transfer capa- 
bilities. The display memory supported by the GDC can be 
configured in any number of formats and sizes up to 256K 
16-bit words. The display can be zoomed and panned, 
while partitioned screen areas can be independently 
scrolled. With its light pen input and multiple controller 
capability, the GDC is ideal for advanced computer 
graphics applications. 
Features 

□ Microprocessor Interface 

DMA transfers with 8257- or 8237-type controllers 
FIFO Command Buffering 

□ Display Memory Interface 
Up to 256K words of 16 bits 
Read-Modify-Write (RMW) Display Memory cycles 

in under 800ns 
Dynamic RAM reresh cycles for nonaccessed memory 

□ Light Pen Input 

□ External video synchronization mode 

□ Graphics Mode: 

Four megabit, bit-mapped display memory 

□ Character Mode: 

8K character code and attributes display memory 

□ Mixed Graphics and Characters Mode 
64K if all characters 

1 megapixel if all graphics 

□ Graphics Capabilities: 

Figure drawing of lines, arc/circles, rectangles, and 

graphics character in 800ns per pixel 
Display 1024-by-l024 pixels with 4 planes of color ; 

or grayscale. 
Two independently scrollable areas 

□ Character Capabilities: 
Auto cursor advance 

Four independently scrollable areas 
Programmable cursor height 
Characters per row: up to 256 
Character rows per screen: up to 100 

□ Video Display Format 

Zoom magnification factors of 1 to 16 

Panning 

Command-settable video raster parameters 

□ Technology 

Single +5 volt, NMOS, 40-pin DIP 

□ DMA Capability: 
Bytes or word transfers 

4 clock periods per byte transferred REV/2 

515 



M PD7220/GDC 
GRAPHICS DISPLAY CONTROLLER 



System Considerations 

The GDC is designed to work with a general purpose 
microprocessor to implement a high-performance com- 
puter graphics system. Through the division of labor 
established by the GDC's design, each of the system 
components is used to the maximum extent through six- 
level hierarchy of simultaneous tasks. At the lowest level, 
the GDC generates the basic video raster timing, including 
sync and blanking signals. Partitioned areas on the screen 
and zooming are also accomplished at this level. At the 
next level, video display memory is modified during the fig- 
ure drawing operations and data moves. Third, display 
memory addresses are calculated pixel by pixel as drawing 
progresses. Outside the GDC at the next level, preliminary 
calculations are done to prepare drawing parameters. At 
the fifth level, the picture must be represented as a list of 
graphics figures drawable by the GDC. Finally, this repre- 
sentation must be manipulated, stored, and communi- 
cated. By handling the first three levels, the GDC takes care 
of the high-speed and repetitive tasks required to imple- 
ment a graphics system. 
GDC Components 

The GDC block diagram illustrates how these tasks are 
accomplished. 





Microprocessor Bus Interface 

Control of the GDC by the system microprocessor is 
achieved through an 8-bit bidirectional interface. The 
status register is readable at any time. Access to the FIFO 
buffer is coordinated through flags in the status register 
and operates independently of the various internal GDC 
operations, due to the separate data bus connecting the 
interface and the FIFO buffer. 
Command Processor 

The contents of the FIFO are interpreted by the command 
processor. The command bytes are decoded, and the suc- 
ceeding parameters are distributed to their proper destina- 
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tions within the GDC. The command processor yields to the 
bus interface when both access the FIFO simultaneously. 
DMA Control 

The DMA control circuitry in the GDC coordinates transfers 
over the microprocessor interface when using an external 
DMA controller. The DMA Request and Acknowledge 
handshake lines directly interface with a /xPD8257 or 
J/PD8237 DMA controller, so that display data can be 
moved between the microprocessor memory and the dis- 
play memory. 
Parameter RAM 

The 16-byte RAM stores parameters that are used repeti- 
tively during the display and drawing processes. In charac- 
ter mode, this RAM holds four sets of partitioned display 
area parameters; in graphics mode, the drawing pattern 
and graphics character take the place of two of the sets of 
parameters. 
Video Sync Generator 

Based on the clock input, the sync logic generates the ras- 
ter timing signals for almost any interlaced, non-interlaced, 
or "repeat field" interlaced video format. The generator is 
programmed during the idle period following a reset. In 
video sync slave mode, it coordinates timing between mul- 
tiple GDCs. 

Memory Timing Generator 

The memory timing circuitry provides two memory cycle 
types: a two-clock period refresh cycle and the read- 
modify-write (RMW) cycle which takes four clock periods. 
The memory control signals needed to drive the display 
me mory d evices are easily generated from the GDCs ALE 
and DBIN outputs. 

Zoom & Pan Controller 

Based on the programmable zoom display factor and the 
display area entries in the parameter RAM, the zoom and 
pan controller determines when to advance to the next 
memory address for display refresh and when to go on to 
the next display area. A horizontal zoom is produced by 
slowing down the display refresh rate while maintaining the 
video sync rates. Vertical zoom is accomplished by repeat- 
edly accessing each line a number of times equal to the 
horizontal repeat. Once the line count for a display area is 
exhausted, the controller accesses the starting address 
and line count of the next display area from the parameter 
RAM. The system microprocessor, by modifying a display 
area starting address, can pan in any direction, indepen- 
dent of the other display areas. 
Drawing Processor 

The drawing processor contains the logic necessary to 
calculate the addresses and positions of the pixels of the 
various graphics figures. Given a starting point and the 
appropriate drawing parameters, the drawing processor 
needs no further assistance to complete the figure drawing. 
Display Memory Controller 

The display memory controller's tasks are numerous. Its 
primary purpose is to multiplex the address and data infor- 
mation in and out of the display memory. It also contains 
the 16-bit logic unit used to modify the display memory con- 
tents during RMW cycles, the character mode line counter, 
and the refresh counter for dynamic RAMs. The memory 
controller apportions the video field time between the var- 
ious types of cycles. 
Light Pen Deglitcher 

Only if two rising edges on the light pen input occur at the 
same point during successive video fields are the pulses 51 ( 



accepted as a valid light pen detection. A status bit indi- 
cates to the system microprocessor that the light pen regis- 
ter contains a valid address. 
Programmer's View of GDC 
The GDC occupies two addresses on the system micro- 
processor bus through which the GDCs status register and 
FIFO are accessed. Commands and parameters are writ- 
ten into the GDCs FIFO and are differentiated based on 
address bit AO. The status register or the FIFO can be read 
as selected by the address line. 



AO 


READ 


WRITE 







STATUS REGISTER 






PARAMETER INTO FIFO 






J 1 1 I 1 1 I 






1 1 1 1 1 1 1 
















1 




FIFO READ 






COMMAND INTO FIFO 




1 1 1 1 1 1 1 


1 1 1 1 1 1 1 











GOC Microprocessor Bus Interface Registers 

Commands to the GDC take the form of a command byte 
followed by a series of parameter bytes as needed for 
specifying the details of the command. The command proc- 
essor decodes the commands, unpacts the parameters, 
loads them into the appropriate registers within the GDC, 
and initiates the required operations. 

The commands available in the GDC can be organized 
into five categories as described in the following section. 

GDC Command Summary 

Video Control Commands 

1 . RESET: Resets the GDC to its idle state. 

2. SYNC: Specifies the video display format. 

3. VSYNC: Selects master or slave video syn- 

chronization mode. 

4. CCHAR: Specifies the cursor and character 

row heights. 
Display Control Commands 

1 . START: Ends Idle mode and unblanks the 

display. 

2. BCTRL: Controls the blanking and unblanking 

of the display. 

3. ZOOM: Specifies zoom factors for the display 

and graphics characters writing. 

4. CURS: Sets the position of the cursor in 

display memory. 

5. PRAM: Defines starting addresses and lengths 

of the display areas and specifies the 
eight bytes for the graphics character. 

6. PITCH: Specifies the width of the X dimen- 

sion of display memory. 
Drawing Control Commands 

1 . WDAT: Writes data words or bytes into display 

memory. 

2. MASK: Sets the mask register contents. 

3. FIGS: Specifies the parameters for the drawing 

processor, 

4. FIGD: Draws the figure as specified above. 

5. GCHRD: Draws the graphics character into dis- 

play memory. 
Data Read Commands 

1 . RDAT: Reads data words or bytes from display 

memory. 

2. CURD: Reads the cursor position. 

. 3. LPRD: Reads the light pen address. 
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DMA Control Commands 

1 . DMAR: Requests a DMA read transfer. 

2. DMAW: Requests a DMA write transfer. 



7 


6 


5 


4 


3 


2 


1 
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Data Ready 

- FIFO Full 
FIFO Empty 

- Drawing In Progress 

■ DMA Execute 

- Vertical Sync Active 

- Horizontal Blank Active 

■ Light Pen Detect 



Status Register (SR) 
Status Register Flags 

SR-7: Light Pen Detect 

When this bit is set to 1 , the light pen address (LAD) 
register contains a deglitched value that the system micro- 
processor may read. This flag is reset after the 3-byte 
LAD is moved into the FIFO in response to the light pen 
read command. 

SR-6: Horizontal Blanking Active 
A 1 value for this flag signifies that horizontal retrace blank- 
ing is currently underway. 
SR-5: Vertical Sync 

Vertical retrace sync occurs while this flag is a 1 . The verti- 
cal sync flag coordinates display format modifying com- 
mands to the blanked interval surrounding vertical sync. 
This eliminates display disturbances. 
SR-4: DMA Execute 
This bit is a 1 during DMA data transfers. 
SR-3: Drawing in Progress 

While the GDC is drawing a graphics figure, this status bit 
isa 1. 

SR-2: FIFO Empty 

This bit and the FIFO Full flag coordinate system micro- 
processor accesses with the GDC FIFO. When it is 1 , the 
Empty flag ensures that all the commands and parameters 
previously sent to the GDC have been processed. 
SR-1: FIFO Full 

A 1 at this flag indicates a full FIFO in the GDC. A 
ensures that there is room for at least one byte. This flag 
needs to be checked before each write into the GDC. 
SR-0: Data Ready 

When this flag is a 1 , it indicates that a byte is available to 
be read by the system microprocessor. This bit must be 
tested before each read operation. It drops to a while the 
data is transferred from the FIFO into the microprocessor 
interface data register. 

Fl FO Operation & Command Protocol 

The first-in, first-out buffer (FIFO) in the GDC handles the 
command dialogue with the system microprocessor. This 
flow of information uses a half-duplex technique, in which 
the single 16-location FIFO is used for both directions of 
data movement, one direction at a time. The FIFO's direc- 
tion is controlled by the system microprocessor through 
the GDC's command set. The microprocessor coordinates 
these transfers by checking the appropriate status 
register bits. 

The command protocol used by the GDC requires the dif- 
ferentiation of the first byte of a command sequence from 
the succeeding bytes. This first byte contains the operation 
code and the remaining bytes carry parameters. Writing 51 7 



into the GDC causes the FIFO to store a flag value along- 
side the data byte to signify whether the byte was written 
into the command or the parameter address. The com- 
mand processor in the GDC tests this bit as it interprets the 
entries in the FIFO. 

The receipt of a command byte by the command processor 
marks the end of any previous operation. The number of 
parameter bytes supplied with a command is cut short by 
the receipt of the next command byte. A read operation 
from the GDC to the microprocessor can be terminated at 
any time by the next command. 

The FIFO changes direction under the control of the sys- 
tem microprocessor. Commands written into the GDC 
always put the FIFO into write mode if it wasn't in it already. 
If it was in read mode, any read data in the FIFO at the time 
of the turnaround is lost. Commands which require a GDC 
response, such as RDAT, CURD and LPRD, put the FIFO 
into read mode after the command is interpreted by the 
GDC's command processor. Any commands and parame- 
ters behind the read-evoking command are discarded 
when the FIFO direction is reversed. 

Read-Modify-Write Cycle 

Data transfers between the GDC and the display memory 
are accomplished using a read-modify-write (RMW) mem- 
ory cycle. The four clock period timing of the RMW cycle is 
used to: 1) output the address, 2) read data from the mem- 
ory, 3) modify the data, and 4) write the modified data back 
into the initially selected memory address. This type of 
memory cycle is used for all interactions with display mem- 
ory including DMA transfers, except for the two clock 
period display and RAM refresh cycles. 

The operations performed during the modify portion of the 
RMW cycle merit additional explanation. The circuitry in the 
GDC uses three main elements: the Pattern register, the 
Mask register, and the 16-bit Logic Unit. The Pattern regis- 
ter holds the data pattern to be moved into memory. It is 
loaded by the WDAT command or, during drawing, from the 
parameter RAM. The Mask register contents determine 
which bits of the read data will be modified. Based on the 
contents of these registers, the Logic Unit performs the 
selected operations of REPLACE, COMPLEMENT, SET, or 
CLEAR on the data read from display memory. 
The Pattern register contents are ANDed with the Mask 
register contents to enable the actual modification of the 
memory read data, on a bit-by-bit basis. For graphics draw- 
ing, one bit at a time from the Pattern register is combined 
with the Mask. When ANDed with the bit set to a 1 in the 
Mask register, the proper single pixel is modified by the 
Logic Unit. For the next pixel in the figure, the next bit in the 
Pattern register is. selected and the Mask register bit is 
moved to identify the pixel's location within the word. The 
Execution word address pointer register, EAD, is also 
adjusted as required to address the word containing the 
next pixel. 

In character mode, all of the bits in the Pattern register are 
used in parallel to form the respective bits of the modify 
data word. Since the bits of the character code word are 
used in parallel, unlike the one-bit-at-a-time graphics draw- 
ing process, this facility allows any or all of the bits in a 
memory word to be modified in one RMW memory cycle. 
The Mask register must be loaded with 1 s in the positions 
where modification is to be permitted. 
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The Mask register can be loaded in either of two ways. In 
graphics mode, the CURS command contains a four-bit 
dAD field to specify the dot address. The command proces- 
sor converts this parameter into the one-of-1 6 format used 
in the Mask register for figure drawing. A full 16 bits can be 
loaded into the Mask register using the MASK command. 
In addition to the character mode use mentioned above, 
the 16-bit MASK load is convenient in graphics mode when 
all of the pixels of a word are to be set to the same value. 

The Logic Unit combines the data read from display mem- 
ory, the Pattern Register, and the Mask register to generate 
the data to be written back into display memory. Any one of 
four operations can be selected: REPLACE, COMPLE- 
MENT, CLEAR or SET. In each case, if the respective Mask 
bit is 0, that particular bit of the read data is returned to 
memory unmodified. If the Mask bit is 1, the modification is 
enabled. With the REPLACE operation, the modify data 
simply takes the place of the read data for modification 
enabled bits. For the other three operations, a in the mod- 
ify data allows the read data bit to be returned to memory. 
A 1 value causes the specified operation to be performed in 
the bit positions with set Mask bits. 
Figure Drawing 

The GDC draws graphics figures at the rate of one pixel per 
read-modify-write (RMW) display memory cycle. These 
cycles take four clock periods to complete. At a clock fre- 
quency of 5MHz, this is equal to 800ns. During the RMW 
cycle the GDC simultaneously calculates the address and 
position of the next pixel to be drawn. 
The graphics figure drawing process depends on the dis- 
play memory addressing structure. Groups of 16 horizon- 
tally adjacent pixels form the 16-bit words which are 
handled by the GDC. Display memory is organized as a lin- 
early addressed space of these words. Addressing of indi- 
vidual pixels is handled by the GDC's internal RMW logic. 
During the drawing process, the GDC finds the next pixel of 
the figure which is one of the eight nearest neighbors of the 
last pixel drawn. The GDC assigns each of these eight 
directions a number from to 7, starting with straight down 
and proceeding counterclockwise. 
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Drawing Directions 

Figure drawing requires the proper manipulation of the 
address and the pixel bit position according to the drawing 
direction to determine the next pixel of the figure. To move 
to the word above or below the current one, it is necessary 
to subtract or add the number of words per line in display 
memory. This parameter is called the pitch. To move to the 
word to either side, the Execute word address cursor, EAD, 
must be incremented or decremented as the dot address 
pointer bit reaches the LSB or the MSB of the Mask regis- 
ter. To move to a pixel within the same word, it is necessary 
to rotate the dot address pointer register to the right or left. 



The table below summarizes these operations for each 
direction. 

Whole word drawing is useful for filling areas in memory 
with a single value. By setting the Mask register to all 1s 
with the MASK command, both the LSB and MSB of the 



DIR 


OPERATIONS TO ADDRESS THE NEXT PIXEL 


000 


EAD + P -» EAD 


001 


EAD + P -» EAD 

dAD (MSB) = 1 : EAD + 1 -» EAD dAD -» LR 


01 


dAD (MSB) = 1 : EAD + 1 -» EAD dAD -» LR 


01 1 


EAD - P -. EAD 

dAD (MSB) = 1 : EAD + 1 -» EAD dAD -> LR 


1 00 


EAD-P-.EAD 


1 01 


EAD - P -» EAD 

dAD (LSB) = 1 : EAD - 1 -» EAD dAD — RR 


1 1 


dAD (LSB) = 1 : EAD + 1 -» EAD dAD -♦ RR 


1 1 1 


EAD + P -» EAD 

dAD (LSB) = 1 : EAD + 1 -» EAD dAD -» RR 



dAD = Dot Address stored in the Mask Register 



dAD will always be 1 , so that the EAD value will be incre- 
mented or decremented for each cycle regardless of direc- 
tion. One RMW cycle will be able to effect all 16 bits of the 
word for any drawing type. One bit in the Pattern register is 
used per RMW cycle to write all the bits of the word to the 
same value. The next Pattern bit is used for the word, etc. 
For the various figures, the effect of the initial direction 
upon the resulting drawing is shown below: 



%0> 



jm 



% 



% 



K7 



u^ 



C\ 



a 



s_i 



<^! 






Nsi 



W 
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Note that during line drawing, the angle of the line may be 
anywhere within the shaded octant defined by the DIR 
value. Arc drawing starts in the direction initially specified 
by the DIR value and veers into an arc as drawing pro- 
ceeds. An arc may be up to 45 degrees in length. DMA 
transfers are done on word boundaries only, and follow the 
arrows indicated in the table to find successive word 
addresses. The slanted paths for DMA transfers indicate 
the GDC changing both the X and Y components of the 
word address when moving to the next word. It does not 
follow a 45 degree diagonal path by pixels. 
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Drawing Parameters 

In preparation for graphics figure drawing, the GDC's 
Drawing Processor needs the figure type, direction and 
drawing parameters, the starting pixel address, and the 
pattern from the microprocessor. Once these are in place 
within the GDC, the Figure Draw command, FIGD, initiates 
the drawing operation. From that point on, the system 
microprocessor is not involved in the drawing process. The 
GDC Drawing Processor coordinates the RMW circuitry 
and address registers to draw the specified figure pixel by 
pixel. 

The algorithms used by the processor for figure drawing 
are designed to optimize its drawing speed. To this end, the 
specific details about the figure to be drawn are reduced by 
the microprocessor to a form conducive to high-speed 
address calculations within the GDC. In this way the repeti- 
tive, pixel-by-pixel calculations can be done quickly, 
thereby minimizing the overall figure drawing time. The 
table below summarizes the parameters. 



DRAWING TYPE 


DC 


D 




D2 


D1 


DM 


Initial Value* 





8 




8 


-1 


-1 


Line 


|AI| 


2|AD| - 


|AI| 


2(|AD| - | Al|) 


2|AD| 


- 


Arc** 


r sin Ot 


r-1 




2(r-1) 


-1 


rsln M 


Rectangle 


3 


A-1 




B-1 


-1 


A-1 


Area Fill 


B-1 


A 




A 


- 


- 


Graphic Character* * * 


B-1 


A 




A 


- 


- 


Read & Write Data 


W-1 


- 




- 


- 


- 


DMAW 


D-1 


C-1 




- 


— 


- 


DMAR 


D-1 


C-1 




(C-1J/2+ 


- 


■ - 



* Initial values for the various parameters are loaded during the handling of the FIGS 

op code byte. 
** Circles are drawn with 8 arcs, each of which span 45°, so that sin = 1/^2 and 
sin 8 = 0. 
* * * Graphic characters are a special case of bit-map area filling in which B and A < 8. 

If A = 8 there is no need to load D and D2. 
Where: 

-1 = all ONES value. 
All numbers are shown in base 10 for convenience. The GDC accepts base 2 numbers (2s 
complement notation where appropriate). 

- = No parameter bytes sent to GDC for this parameter. 
Al = The larger at Ax or Ay. 
AD = The smaller at Ax or Ay. 
r = Radius at curvature, In pixels. 
t = Angle from major axis to end at the arc. $ < 45°. 
8 = Angle from major axis to start at the arc. fl< 45°. 
t = Round up to the next higher Integer. 
I = Round down to the next lower integer. 
A = Number of pixels in the Initially specified direction. 

B = Number of pixels in the direction at right angles to the initially specified direc- 
tion. 
W = Number of words to be accessed. 
C = Number of bytes to be transferred In the initially specified direction. (Two bytes 

per word If word transfer mode Is selected). 
D = Number of words to be accessed in the direction at right angles to the Initially 
specified direction. 
DC - Drawing count parameter which Is one less than the number of RMW cycles to 

be executed. 
DM = Dots masked from drawing during arc drawing. 
t = Needed only for word reads. 

Graphics Character Drawing 

Graphics characters can be drawn into display memory 
pixel-by-pixel. The up to 8-by-8 character is loaded 
into the GDC's parameter RAM by the system micro- 
processor. Consequently, there are no limitations on the 
character set used. By varying the drawing parameters 
and drawing direction, numerous drawing options are 
available. In area fill applications, a character can be 
written into display memory as many times as desired 
without reloading the parameter RAM. 

Once the parameter RAM has been loaded with up to 
eight graphics character bytes by the appropriate 
PRAM command, the GCHRD command can be used 



519 



to draw the bytes into display memory starting at the 
cursor. The zoom magnification factor for writing, set by 
the zoom command, controls the size of the character 
written into the display memory in integer multiples of 1 
through 16. The bit values in the PRAM are repeated 
horizontally and vertically the number of times specified 
by the zoom factor. 

The movement of these PRAM bytes to the display mem- 
ory is controlled by the parameters of the FIGS com- 
mand. Based on the specified height and width of the 
area to be drawn, the parameter RAM is scanned to fill 
the required area. 

For an 8-by-8 graphics character, the first pixel drawn 
uses the LSB of RA-15, the second pixel uses bit 1 of 
RA-15, and so on, until the MSB of RA-15 is reached. 
The GDC jumps to the corresponding bit in RA-14 to 
continue the drawing. The progression then advances 
toward the LSB of RA-14. This snaking sequence is 
continued for the other 6 PRAM bytes. This progression 
matches the sequence of display memory addresses 
calculated by the drawing processor as shown above. If 
the area is narrower than 8 pixels wide, the snaking will 
advance to the next PRAM byte before the MSB is 
reached. If the area is less than 8 lines high, fewer 
bytes in the parameter RAM will be scanned. If the area 
is larger than 8 by 8, the GDC will repeat the contents 
of the parameter RAM in two dimensions, as required to 
fill the area with the 8-by-8 mozaic. (Fractions of the 
8-by-8 pattern will be used to fill areas which are not 
multiples of 8 by 8.) 

Parameter RAM Contents: RAM Address RA 
to 15 

The parameters stored in the parameter RAM, PRAM, 
are available for the GDC to refer to repeatedly during 
figure drawing and raster-scanning. In each mode of 
operation the values in the PRAM are interpreted by the 
GDC in a predetermined fashion. The host microproc- 
essor must load the appropriate parameters into the 
proper PRAM locations. PRAM loading command 
allows the host to write into any location of the PRAM 
and transfer as many bytes as desired. In this way any 
stored parameter byte or bytes may be changed without 
influencing the other bytes. 

The PRAM stores two types of information. For specify- 
ing the details of the display area partitions, blocks of 
four bytes are used. The four parameters stored in each 
block include the starting address in display memory of ■* • 
each display area, and its length. In addition, there are 
two mode bits for each area which specify whether the 
area is a bit-mapped graphics area or a coded char- 
acter area, and whether a 16-bit or a 32-bit wide display 
cycle is to be used for that area. 
The other use for the PRAM contents is to supply the 
pattern for figure drawing when in a bit-mapped 
graphics area or mode. In these situations, PRAM bytes 
8 through 16 are reserved for this patterning informa- 
tion. For line, arc, and rectangle drawing (linear figures) 
locations 8 and 9 are loaded into the Pattern Register 
to allow the GDC to draw dotted, dashed, etc. lines. For 
area filling and graphics bit-mapped character drawing 
locations 8 through 15 are referenced for the pattern or 
character to be drawn. 

Details of the bit assignments are shown on the following 
pages for the various modes of operation. 
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Character Mode 



'c 






SAD1 H 



j Display Partition Am 1 
£ m _ starling eddress with low a 
high slgnltlcsncs tlalds 
(word address). 



'd 



or QCHRB 



PTN M or 



P 



! c 



LEN1 L 






J Lsngth of Display Partition 1 

■6-r 





SAD2 L 










SAD2 H 




LEN2 t 








W02 





LEN2 H 






SAD3 L 








SAD3 H 




LEN3 L 








WD3 





l£N3 H 






SAD4 L 










SAD4 H 




LE 


N4 L 








WW 





LEM4 H 



A Wlda Display oyela width 

ol two words par mamory cycla 

Is sulectad for this display 

•ran II this bit Is sat to a 1. 

Tha display addrasa eountar Is than 

Ineramantad by 2 tor aach display scan cycla. 

Other mamory cycla types are not Influenced, 



Display Partition 2 
- starting address and 
length 



Display Partition 3 
- starting address and 
length 



Display Partition 4 
- starting address and 
length 



Graphics and Mixed Graphics and Character Modes 



LEN1 L . 





SAD1 H 



V 



SAD2 L 


SA 


>»„ 






LEI 


\ 





SAD2 H 


WD2 


IM 


LEN2 H 



Dtnplay Partition Area 1 
starting address with low, 
" middle, and high significance 
fields (word address). 



Length of Display Partition 
- Area 1 with low and high 
significance fields (line count). 
In mixed mode, a 1 Indicates an 
Image or graphlca area, and a 
indicates a character area. In 
graphics mode this bit must be 0. 



Display Partition Area 2 
_ starting address and 
length with image Identify 
bit as in area 1. 



GCHR6 


GCHR5 


GCHR4 


GCHR3 


GCHR2 


GCHR1 



Command Bytes Summary 



RESET: 

SYNC: 

VSYNC: 

CCHAR: 

START: 

BCTRL: 

ZOOM: 

CURS: 

PRAM: 

PITCH: 

WDAT: 

MASK: 

FIGS: 

FIGD: 

QCHRD: 

RDAT: 

CURD: 
LPRD: 
DMAR: 














1 1 1 


DE 




110 


1 1 1 


M 




10 


10 11 




110 


10 11 







1 1 


DE 




10 


110 




10 


10 1 




111 


SA 




10 


111 




1 


TYPE 





MOD 




10 


1 1 




10 


110 




110 


1 1 



1 10 1 



1 1 


TYPE 





MOD 











1 1 


TYPE 


1 


MOD 



Pattern of 16 bits used for 
figure drawing to pattern 
dotted, dashed, etc. lines. 



Graphics character bytes 
. to be moved Into display 
memory with graphics 
character drawing. 



U: Y 



: -\, <" oj j 






Ud 



1 


TYPE 


1 


MOD 
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Video Control Commands 

Reset 



RESET: 



Blank the display, antar 
Idle mode, and Initialize 
within the GDC: 
-FIFO 

-Command Processor 
-Internal Counters 

This command can be executed at any time and does not 
modify any of the parameters already loaded into the GDC. 

If followed by parameter bytes, this command also sets the 
sync generator parameters as described below. 
Idle mode is exited with the START command. 






c 


F 


I 


D 


G 


S 




AW 


VS L 


HS 



\ 



- Horizontal Sync Width - 1 

- Vertical Sync Width, low bits 



- Vertical Sync Width, high bits 

- Horizontal Front Porch Width - 1 . 









HBP 








VFP 


AI, L 



X 



- Horizontal Back Porch Width -1. 

- Vertical Front Porch Width 



_ Active Display Unas per Video Field, 
high bits 



- Vertical Back Porch Width 



In graphics mode, a word is a group of 16 pixels. In charac- 
ter mode, a word is one character code and its attributes, if 
any. 

The number of active words per line must be an even num- 
ber from 2 to 256. 

An all-zero parameter value selects a count equal to 2" 
where n = number of bits in the parameter field for ver- 
tical parameters. 

All horizontal widths are counted in display words. 
All vertical intervals are counted in lines. 
SYNC Generator Period Constraints 
Horizontal Back Porch Constraints 

1. In general: 

HBP > 3 Display Word Cycles (6 clock cycles). 

2. If the IMAGE or WD modes change within one 
video field: 

HBP > 5 Display Word Cycles (10 clock 
cycles). 
Horizontal Front Porch Constraints 

1 . If the display ZOOM function is used at other than 
1X: 

HFP > 2 Display Word Cycles (4 clock cycles). 

2. If the GDC is used in the video sync Slave mode: 

HFP > 4 Display Word Cycles (8 clock cycles). 

3. If the Light Pen is used: 

HFP > 6 Display Word Cycles (12 clock 
cycjes). 
Horizontal SYNC Constraints 
1. If Interlaced display mode is used: 

HS > 3 Display Word Cycles (6 clock cycles). 
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Modes of Operation Bits 



c G 



o o 

1 

1 o 
1 1 



Display Mode 



Mixed Graphics & Character 
Graphics Mode 
Character Mode 
Invalid 



I S 





1 

1 
1 1 



Video Framing 



Noninterlaced 

Invalid 

Interlaced Repeat Field for Character Displays 

Interlaced 



Repeat Field Framing: 2 Field Sequence with Vz line off- 
set between otherwise identical 
fields. 

Interlaced Framing: 2 Field Sequence with Vz line off- 
set. Each field displays alternate 
lines. 

Noninterlaced Framing: 1 field brings all of the information 
to the screen. 

Total scanned lines in interlace mode is odd. The sum 
of VFP + VS + VBP + AL should equal one less than 
the desired odd number of lines. 



Dynamic RAM Refresh Cycles Enable 



No Refresh - STATIC RAM 
Refresh — Dynamic RAM 



Dynamic RAM refresh is important when high display zoom 
factors or DMA are used in such a way that not all of the 
rows in the RAMs are regularly accessed during display 
raster generation and for otherwise inactive display 
memory. 



Drawing Time Window 



Drawing during active display time and retrace blanking 
Drawing only during retrace blanking 



D 



Access to display memory can be limited to retrace blank- 
ing intervals only, so that no disruptions of the image are 
seen on the screen. 

SYNC Format Specify 



SYNC: 
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c 


F 


I 


D 


G 


S 




AW 


VS L 


HS 



V 



_ Mods of Operation select bits. 



-Horizontal Sync Width 

- Vertical Sync Width, low bits 



-"—Vertical Sync Width, high bits 
-Horizontal Front Porch Width 









HBP 








VFP 


*k 



T 



- Horizontal Back Porch Width 

- Vertical Front Porch Width 



- Active Display Lines per Video Field, 
high bite 



-Vertical Back Porch Width 



This command also loads parameters into the sync 
generator. The various parameter fields and bits are 
identical to those at the RESET command. The GDC is 
not reset nor does it enter idle mode. 

Vertical Sync Mode 



O-Accept External Vertical 
Sync — Slave Mode 

1-Generate & Output Vertical 
Sync — Master Mode 



When using two or more GDCs to contribute to one image, 
one GDC is defined as the master sync generator, and the 
others operate as its slaves. The VSYNC pins of all GDCs 
are connected together. 

Slave Mode Operation 

A few considerations should be observed when syn- 
chronizing two or more GDCs to generate overlayed 
video via the VSYNC INPUT/OUTPUT pin. As men- 
tioned above, the Horizontal Front Porch (HFP) must be 
4 or more display cycles wide. This is equivalent to 
eight or more clock cycles. This gives the slave GDCs 
time to initialize their internal video sync generators to 
the proper point in the video field to match the incom- 
ing vertical sync pulse (VSYNC). This resetting of the 
generator occurs just after the end of the incoming 
VSYNC pulse, during the HFP interval. Enough time 
during HFP is required to allow the slave GDC to com- 
plete the operation before the start of the HSYNC 
interval. 

Once the GDCs are initialized and set up as Master and 
Slaves, they must be given time to synchronize. It is a 
good idea to watch the VSYNC status bit of the Master 
GDC and wait until after one or more VSYNC pulses 
have been generated before the display process is 
started. The START command will begin the active 
display of data and will end the video synchronization 
process, so be sure there has been at least one VSYNC 
pulse generated for the Slaves to synchronize to. 



Cursor & Character Characteristics 



CCHAR: 


1 


10 11 












P1 


DC 








LP. 






1 














P2 


BR L 


SC 


CTOP 








1 




















P3 


CBOT 


BRu 


—~ 













- Lines per character row 1 

- Display Cursor if 1 

Cursor Top line number in the 



Blink Rate, lower bits 



Blink Rate, upper bits 



In graphics mode, LR should be set to 0. 

The blink rate parameter controls both the cursor and 
attribute blink rates. The cursor blink-on time = blink-off 
time = 2 x BR (video frames). The attribute blink rate is 
always Vi the cursor rate but with a % on- 1 /4 off duty cycle. 

Display Control Commands 

Start Display & End Idle Mode 



START: 


110 10 11 


Display Blanking Control 


BCTRL: 


1 10 


DE 



The display Is enabled 
by a 1, and blanked by 



Zoom Factors Specify 



2QQM: 



10 11 



■a 



- Display zoom factor 



Zoom magnification factors of 1 through 16 are available 
using codes through 15, respectively. 

Cursor Position Specify 



Execute Word Address, low byte 



, Execute Word Address, middle byte 



(Graphics Mode only) 

- Word Address, top bits 

- Dot Address within the word 



In character mode, the third parameter byte is not needed. 
The cursor is displayed for the word time in which the dis- 
play scan address (DAD) equals the cursor address. 
In graphics mode, the cursor word address specifies the 
word containing the starting pixel of the drawing; the dot 
address value specifies the pixel within that word. 
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Parameter RAM Load 

PRAM: 



- Starting Addret 
parameter RAM 



- 1 to 16 bytes to be loaded 
Into the parameter RAM 
starting at the RAM address 
specified by SA 



From the starting address, SA, any number of bytes may 
be loaded into the parameter RAM at incrementing 
addresses, up to location 15. The sequence of parameter 
bytes is terminated by the next command byte entered into 
the FIFO. The parameter RAM stores 16 bytes of informa- 
tion in predefined locations which differ for graphics and 
character modes. See the parameter RAM discussion for 
bit assignments. 

Pitch Specification 



PITCH: 








1 1 1 










P1: 






P 



. Number of word addresses 
In display memory In the 
horizontal direction 

This value is used during drawing by the drawing processor 
to find the word directly above or below the current word, 
and during display to find the start of the next line. 

The Pitch parameter (width of display memory) is set by 
two different commands. In addition to the PITCH com- 
mand, the RESET (or SYNC) command also sets the 
pitch value. The "active words per line" parameter, 
which specifies the width of the raster-scan display, 
also sets the Pitch of the display memory. In situations 
in which these two values are equal there is no need to 
execute a PITCH command. 



Drawing Control Commands 

Write Data into Display Memory 











^ 







1 


TYPE 





MOD 














I 












-« 












1 -■ 












1 o — ■ 















RMW Memory cycle Logical 
Operation: 

REPLACE with Pattern 
COMPLEMENT 
RESET to zero 
SET to 1 

Data Transfer Type: 

- Word, Low then High byte. 

- Low Byte of the Word 

- High Byte of the Word 
-Invalid 



WORD, or BYTE 



- Word Low Data Byte'or 
Single Byte Data value 



Upon receiving a set of parameters (two bytes for a word 
transfer, one for a byte transfer), one RMW cycle into Video 
Memory is done at the address pointed to by the cursor 
EAD. The EAD pointer is advanced to the next word, 
according to the previously specified direction. More 
parameters can then be accepted. 
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For byte writes, the unspecified byte is treated as all zeros 
during the RMW memory cycle. 

In graphics bit-map situations, only the LSB of the 
WDAT parameter bytes is used as the pattern in the 
RMW operations. Therefore it is possible to have only 
an all ones or all zeros pattern. In coded character ap- 
plications all the bits of the WDAT parameters are used 
to establish the drawing pattern. 
The WDAT command operates differently from the other 
commands which initiate RMW cycle activity. It requires 
parameters to set up the Pattern register while the 
other commands use the stored values in the parameter 
RAM. Like all of these commands, the WDAT command 
must be proceeded by a FIGS command and its 
parameters. Only the first three parameters need be 
given following the FIGS opcode, to set up the type of 
drawing, the DIR direction, and the DC value. The DC 
parameter + 1 will be the number of RMW cycles done 
by the GDC with the first set of WDAT parameters. Ad- 
ditional sets of WDAT parameters will see a DC value 
of which will cause only one RMW cycle to be ex- 
ecuted. 



Mask Register Load 



- Low significance byte 



-High significance byte 



This command sets the value of the 16-bit Mask register of 
the figure drawing processor. The Mask register controls 
which bits can be modified in the display memory during a 
read-modify-write cycle. 

The Mask register is loaded both by the MASK command 
and the third parameter byte of the CURS command. The 
MASK command accepts two parameter bytes to load a 
16-bit value into the Mask register. All 16 bits can be indi- 
vidually one or zero, under program control. The CURS 
command on the other hand, puts a "1 of 16" pattern into 
the Mask register based on the value of the Dot Address 
value, dAD. If normal single-pixel-at-a-time graphics figure 
drawing is desired, there is no need to do a MASK com- 
mand at all since the CURS command will set up the 
proper pattern to address the proper pixels as drawing 
progresses. For coded character DMA, and screen setting 
and clearing opertions using the WDAT command, the 
MASK command should be used after the CURS com- 
mand if its third parameter byte has been output. 

Figure Drawing Parameters Specify 









1 










M L 




M H 




FIGS: 



DIR -* 



■ Drawing Direction Base 



Figure Type Select Bin: 
Line (Vector) 
Graphics Character 
ArofClrele 
Reotengle 
Slanted Graphic! Character 
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-rt 



Q^ 



PS 



a 



P7 



Q 



P9 



cu 



DC Drawing Parameter 



Graphics Drawing flag lor utt In 
"Mixed Graphics end Chareoter Mod* 



. D Drawing Parameter 



D2 Drawing Parameter 



D1 Drawing Parameter 



DM Drawing Parameter 



I The parameters take on 



different Interpretations for 
different figure types. 



Valid Figure Type Select Combinations 


SL R 



A 



GC 



L 



Operation 


Character Display Mode Drawing, 
Individual Dot Drawing, DMA, WDAT, 
and RDAT 











1 


Straight Line Drawing 








1 





Graphics Character Drawing and 
Area filling with graphics 
character pattern 





1 








Arc and Circle Drawing 


1 











Rectangle Drawing 


1 





1 





Slanted graphics character 
drawing and slanted 
area filling 



Only these bit combinations assure correct drawing 
operation. 

Figure Draw Start 



On execution of this instruction, the GDC loads the param- 
eters from the parameter RAM into the drawing processor 
and starts the drawing process at the pixel pointed to by the 
cursor, EAD, and the dot address, dAD. 

Graphics Character Draw and Area Filling Start 



GCHRO: 11 10 



Based on parameters loaded with the FIGS command, this 
command initiates the drawing of the graphics character or 
area filling pattern stored in Parameter RAM. Drawing 
begins at the address in display memory pointed to by the 
EAD and dAD values. 

Data Read Commands 

Read Data from Display Memory 



RDAT: 1 o 1 type o mod 



-Data Transfer Type: 

- Word, low then high byte 

- Low Byte ol the Word only 

- High Byte of the Word only 

- Invalid 



Using the DIR and DC parameters of the FIGS command 
to establish direction and transfer count, multiple RMW 
cycles can be executed without specification of the cursor 
address after the initial load (DC = number of words or 
bytes). 

As this instruction begins to execute, the FIFO buffer direc- 
tion is reversed so that the data read from display memory 
can pass to the microprocessor. Any commands or param- 
eters in the FIFO at this time will be lost. A command byte 
sent to the GDC will immediately reverse the buffer direc- 
tion back to write mode, and all RDAT information not yet 
read from the FIFO will be lost. MOD should be set to 00 
if no modification to video buffer is desired. 
Cursor Address Read 



CURD: 



The following bytes are returned by the GDC: 



d 



EAD L 



A0 -"-Execute Address (EAD), Low Byte 



d 



Q, 



Execute Address (EAD), Middle Byte 



P3 EAD H ■"—Execute Address (EAD), High Bits 



\u 



d 



-Dot Address (dAD), Low Byte 



dAD H 



Dot Address (dAD), High Byte 



The Execute Address, EAD, points to the display memory 
word containing the pixel to be addressed. 
The Dot Address, dAD, within the word is represented as a 
1-of-16 code for graphics drawing operations. 

Light Pen Address Read 



The following bytes are returned by the GDC: 

LAD L A U. — Light Pen Address, Low Byte 



A8 -*- Light Pen Address, Middle Byte 






LAD H 



- Light Pen Address, High Bits 



The light pen address, LAD, corresponds to the display 
word address, DAD, at which the light pen input signal is 
detected and deglitched. 
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The light pen may be used in graphics, character, or mixed 
modes but only indicates the word address of light pen 
position. 
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AC Characteristics 

t A = 0°Cto 70°C; V cc = 5.0V ± 10%; GND = OV 



DMA Read Request 

DMAR: 1 o 






- Data Transfer Type : 

- Word, Lowthenhigh byte 

- Low Byte of the Word 
-High Byte of the Word 
-Invalid 



DMA Write Request 
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-RMW Memory Logical Operation: 
-REPLACE with Pattern 
-COMPLEMENT 
-RESET to Zero 
-SET to On* 

- Data Transfer Type: 
-Word, Low then high byte 

- Low Byte of the Word 
-High Byte of the Word 



Absolute Maximum Ratings* (Tentative) 



Ambient Temperature under Bias 


0°Cto70°C 


Storage Temperature 


-es^totsooc 


Voltage on any Pin with respect to Ground 


-0.5V to +7V 


Power Dissipation 


1.5 Watt 



*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

DC Characteristics 

t a = 0°C to 70°C; V C C = 5V ± 10%; GND = OV 



Parameter 


Symbol 


Mln 


Max 


Unit 


Test Conditions 


Input Low Voltage 


V|L 


-0.5 


0.8 


V 




Input High Voltage 


V|H 


2.0 


v C c + °- 5 


V 




Output Low Voltage 


vol 




0.45 


V 


'OL = 2.2 mA 


Output High Voltage 


V H 


2.4 




V 


'OH = -400 f<A 


Input Low Leak Current 


>IL 




-10 


HA 


V| - OV 


Input High Leak Current 


>IH 




+ 10 


«A 


V| = v cc 


Output Low Leak Current 


'OL 




-10 


mA 


Vo = OV 


Output High Leak Current 


'OH 




+ 10 


ma 


vo =v cc 


Clock Input Low Voltage 


V C L 


-0.5 


0.6 


V 




Clock Input High Voltage 


VCH 


3.9 


V C C + 1 -° 


V 




Vcc Supply Current 


ice 
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Capacitance 

t a = 25 C;V C C = 


= GND = 0V 






Parameter 


Limits 
Symbol Mln Max 


Unit 


Test Conditions, 



Input Capacitance 
I/O Capacitance 



C V0 



Output Capacitance 
Clock Input Capacitance 



Cqut 



fc = 1 MHz 

Vl 

(unmeasured) = 0V 



, Read Cycle 


(GDC *► CPU) 










Parameter 


Limits 




Unit 


Test 


Symbol 


Mln 


Max 


Conditions 


«AR 


Address Setup to RD* 







ns 




tRA 


Address Hold from RDt 







ns 




«RR1 


PD Pulse Width 


tRD1 + 20 


80 


ns 




*RD1 


Data Delay from RD4 




80 


ns 


C L = 50 pF 


«DF 


Data Floating from RDt 





100 


ns 




*RCY 


RD Pulse Cycle 


4tCLK 




ns 




Write Cycle 


(GDC - CPU) 










Parameter 


Limits 




Unit 


Test 


Symbol 


Mln 


Max 


Conditions' 


•aw 


Address Setup to WRJ 







ns 




«WA 


Address Hold from WRt 







ns 




*WW 


WR Pulse Width 


100 




ns 




'DW 


Data Setup to WRt 


80 




ns 




l WD 


Data Hold from WRt 







ns 




l WCY 


WR Pulse Cycle 


4t CLK 




ns 




DMA Read Cycle 


(GDC «• CPU) 










Parameter 


Limits 




Unit 




Symbol 


Mln 


Max 


Conditions 


«KR 


DACK Setup to RC4 







ns 




«RK 


DACK Hold from RDt 







ns 




l RR2 


RD Pulse Width 


tRD2 + 20 




ns 




«RD2 


Data Delay from RD* 


1-5tcLK + 80 


ns 


C L = 50 pF 


'req 


DREQ Delay from 2XCCLKt 


120 


ns 


C|_ = 50 pF 


*QK 


DREQ Setup to DACK* 







ns 




<DK 


DACK High Level Width 


«CLK 




ns 




»E 


DACK Pulse Cycle 


4 'CLK 




ns 




'KQ(R) 


DREQ * Delay from DACK1 


2 t C LK + l20 


ns 


C L = 50 pF 


DMA Write Cycle 


(GDC «• CPU) 










Parameter 


Limits 




Unit 




Symbol 


Mln 


Max 


Conditions 


*KW 


DACK Setup to WRJ 







ns 




«WK 


DACK Hold from WRt 







ns 




*KQ(R) 


DREQ 1 Delay from DACK 


t CLK + 1 2 <> 


ns 


Cl = 50 pF 


R/M/W Cycle 


(GDC ** Display Memory) 






Parameter 


Limits 




Unit 




Symbol 


Mln 


Max 


Conditions 


'AD 


Address/Data Delay 
from 2XCCLKI 




130 


ns 


C L = 50 pF 


l OFF 


Address/Data Floating 
from 2XCCLKt 


10 


130 


ns 


Cl = 50 pF 


*DIS 


Input Data Setup to 
2XCCLKi 


40 




ns 




*DIH 


Input Data Hold from 
2XCCLKJ 







ns 




l DBI 


DBIN Delay from 
2XCCLK* 




90 


ns 


C L = 50 pF 


*RR 


ALEt Delay from 
2XCCLKt 


30 


110 


ns 


C L = 50pF 


«RF 


ALEi Delay from 
2XCCLKJ 


20 


90 


ns 


C L = 50 pF 


»RW 


ALE Width 


1/3 tCLK 




ns 


C L = 50 pF 
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M PD7220 

Display Cycle 



(GDC ** Display Memory) 





Parameter 




Limits 


Unit 


Test 


Symbol 


Mln 


Max 


Conditions 


«VD 


Video Signal Delay 
from 2XCCLKt 




120 


ns 


C L • 50 pF 


Input Cycle 


(GDC 


** Display Memory) 






Parameter 




Limits 


Unit 


Test 


Symbol 


Mln 


Max 


Conditions 


tps 


Input Signal Setup to 
2XCCLKt 


20 




ns 




»PW 


Input Signal Width 


«CLK 




ns 




Clock 




Parameter 




Limits 


Unit 


Test 


Symbol 


Mln 


Max 


Conditions 


»CR 


Clock Rise Time 




10 


ns 




«CF 


Clock Fall Time 




10 


ns 




*CH 


Clock High Pulse Width 


95 




ns 




«CL 


Clock Low Pulse Width 


. 95 




ns 




»CLK 


Clock Cycle 


200 


2000 


ns 





Timing Waveforms 

Display Memory RMW Timing 



: _J 



— ' — (OFF — 



r^j^^j 



< - "*' 1 



Output Address 



tDISf- - 

tDIH 



X 



J^J^ 




Valid 



/^\ 



Input Data 






» — - tOFF — 

^r Va " d f - 

Output Data 



xz 



Microprocessor Interface Write Timing 

Xd 



A0: Invalid 



X 



DB0~7: Invalid 



\ f 



— tDW-t4t WD ^- 



X 



\ 
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Timing Waveforms (Cont.) 

Microprocessor Interface Read Timing 



M PD7220 



AO: Invalid 



X 



\ / 



High Impedance 



~tRD1— — 



X .nvalld ) ( 



\ 



O C va,,d > 



High Impedance 



Microprocessor Interface DMA Write Timing 



DA*CR: 



WR": 




\ / 

——tKW «- * / -> IWK 



-tKW— M r ] f—tWK- 

-iww- 



Mlcroprocessor Interface DMA Read Timing 




f 



DACR: 



RB: 



K 



Y 



-tKQ(R)- 



-tDK- 



/~~V 



\ — - — r 



High Impedance 



-/ Invalid \ Valid ^ 



High Impedance 
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M PD7220 

Timing Waveforms (Cont.) 

Display Memory Display Cycle Timing 



J r ^-j r ~V^^- 



CZD 



A16, A17: 



x 



-tRR-j f— tRF— 



u 



HSYNC-REF: - 

BLNK 

VSYNC _ 

LC0~3 

CSR 

CSR-IMAG E 

At BLINK - CLC 

Light Pen and External Sync Input Timing 



2XWCLK: 



<z 



x: 






y\ X A 




Clock Timing 



tCR tCF 



— —tCH— 



'_ J '"^"K_y r-, \Z= 



V CH - 3.9 
V C L » 0-6 



Test Level (for AC Tests) 



MISCELLANEOUS: 



"Vto: 

Asi: 



DC 



-VOH - 20 

V|H - 2.0 

vol « o.8 

-V|L = 0.8 
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Video Sync Signals Timing 



2xWCLK: 
H BLANK: 
H SYNC: 
ADO-15: 
LCO-4: 



ADO-15: 

LCO-4: 

ROW: 

ROW: 

V BLANK: 

V SYNC: 



-1H- 



_n_n_n_n_rL. 



j 



ji_in_n_n_rL...._rLru"- nj-L...rL 



H 

3 

3 

■ 
< 

O 

3 

en 

O 

o 

3 



xz:::dc 



V.V.XZ 



rx 



-1H 



zpex: 
ztz 




x 



:xdoc: 




DC 



£ 



X 



::.rx: 



i_ 



1 V (FRAME) - 



■5= 

■D 
O 

10 
10 

o 




M PD7220 

Timing Waveforms (Cont.) 



Interlaced Video Timing 

HBLANK: 

VBLANK: 

VSYNC: 
(INTERLACE) 



VSYNC: 
(NO INTERLACE) 



_jt_ n_ji_— -fi—ii n n_ ri_ _n iLpJi n__n 



i r 



ODDFIELD- 



■*f- 



-EVEN FIELD 

i 



Video Sync Generator Parameters 



HBLANK: 



HSYNC: 



1 H 



— |HFP ♦— |—-HBP— f 



C/R 



— |hsj- — 



-1 V- 



— I 



VBLANK: 



VSYNC: 



J-*-VBP-*- 



L/F 






VFP 



i |-*-VBP*"j 
■ I I 

— Hvs|- — 
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Timing Waveforms (Cont.) 

Display and RMW Cycles (1x Zoom) 



Aie.17:^ 



H8VNC: 

BLNK: 

WEXT SYNC: 



Output Address >- 



\ 



MPD7220 




< Output Address } ( Input Data > — — < Output Data I X Output Address ) - 



Display and RMW Cycles (2x Zoom) 



Zoomed Display 
Cycle 

- D2— 4- — D3 — 4— -D4- 



BBlN: 



7 \_ 



ADO-15: - < V - 

Output Address 



AIM* Z±X 




Zoomed Display 
Cycle 

D3 



Output Address 



-\ r 



n 



Output Address 



DC 



Input Data Output Data 

D 1 w ;y 



Output Address 
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M PD7220 

Timing Waveforms (Cont.) 

Zoomed Display Operation with RMW Cycle (3x Zoom) 




BBRf: 



A16, 17: 



Output Address 



Output Address Input Data Output Data 

-< > < M >- 



Output Address 

-CZZZD- 
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_n_ 



HSYNC OUTPUT 



_n_ 



MPD7220 

Video Field Timing 




Drawing Intervals 



DRAWING INTERVAL 



ADDITIONAL DRAWING INTERVAL WHEN IN FLASH MODE LX 



DYNAMIC RAM REFRESH IF ENABLED, OTHERWISE 
ADDITIONAL DRAWING INTERVAL 




DMA Request Intervals 



DMA REQUEST INTERVAL 



ADDITIONAL DMA REQUEST INTERVALS WHEN IN FLASH MODE 
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M PD7220 

Pin Identification 



Pin Configuration 





Pin 


Direction 




No. 


Symbol 


Function 


1 


2XWCLK 


IN 


Clock Input 


2 


OW 


OUT 


Display Memory Rand Input Flag 


3 


HSYNC 


OUT 


Horizontal Video Sync Output 


4 


V/EXT SYNC 


IN/OUT 


Vertical Video Sync Output or External VSYNC Input 


S 


BLANK 


OUT 


CRT Blanking Output 


6 


ALE (RAS) 


OUT 


Address Latch Enable Output 


7 


DRQ 


OUT 


DMA Request Output 


S 


DACK 


IN 


DMA Acknowledge Input 


9 


RD 


IN 


Read Strobe Input for Microprocessor Interface 


10 


WR 


IN 


Write Strobe Input for Microprocessor Interface 


11 


A0 


IN 


Address Select Input for Microprocessor Interlace 


12-19 


DB0to7 


IN/OUT 


Bidirectional Data Bus to Host Microprocessor 


20 


GND 


- 


Ground 


21 


LPEN 


IN 


Light Pen Detect Input 


22-34 


ADO to 12 


IN/OUT 


Address and Data Lines to Display Memory 


38-37 


AD13to1S 


IN/OUT 


Utilization Varies with Mode of Operation 


38 


A16 


OUT 


Utilization Varies with Mode of Operation 


39 


A17 


OUT 


Utilization Varies with Mode of Operation 


40 


vcc 


- 


+ 5V ± 10% 



2xWCLK C 


1 


^J- 


40 3 




DBIN C 


2 




39 


3 


A-17 


HSYNC C 


3 




38 3 


A16 


XT SYNC C 


4 


flPD 


37 3 


AD-15 


BLANK C 


5 


36 


3 


AD-14 


ALE C 


6 


7220 


35 


3 


AD-13 


DRO C 


7 




34 3 


AD-12 


DACK C 


8 




33 


3 


AD-11 


RD C 


9 




32 


3 


AD-10 


WR C 


10 




31 3 


AD-9 


A0 C 11 




30 


3 


AD-8 


DB-0 C 12 




29 


3 


AD-7 


DB-1 C 13 




28 3 


AD-6 


DB-2 C 


14 




27 3 


AD-5 


DB-3 C 15 




26 


3 


AD-4 


DB-4 C 16 




25 3 


AD-3 


DB-5 C 


17 




24 3 


AD-2 


DB-6 C 18 




23 3 


AD-1 


DB-7 C 19 




22 3 


AD-0 


GND C 20 




21 3 


LPEN 



Character Mode Pin Utilization 





Pin 


Direction 




No. 


Name 


Function 


35-37 


AD13to1S 


OUT 


Line Counter Bits to 2 Outputs 


38 


A16 


OUT 


Line Counter Bit 3 Output 


39 


A17 


OUT 


Cursor Output 



Mixed Mode Pin Utilization 


Pin 




No. Nam* 


Direction Function 


35-37 AD13 to 15 


IN/OUT Address and Data Bits 1 3 to 1 5 


38 A16 


OUT Attribute Blink and Clear Line Counter* Output 


39 A17 


OUT Cursor and Bit-Map Area* Flag Output 



* = Output during the HSYNC interval. Use the trailing edge at 
HSYNC to clock this value into a flop for reference during the rest of 
the video line. 



Graphics Mode Pin Utilization 





Pin 


Direction 


Function 




No. 


Name 




35-37 


AD13 to 15 


IN/OUT 


Address and Data Bits 13 to 15 




38 


A16 


OUT 


Address Bit 16 Output 




39 


A17 


OUT 


Address Bit 17 Output 
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Block Diagram of a Graphics Terminal 






/1PD7220 
GDC 




- i BLANKING 
Hi HSYNC 




CRT 
DISPLAY 



HOST 
COMPUTER 



i 



\7 



El 
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Package Outlines 
M PD7220D 



'r 




DHi 




\- 4=1- 4- 



-f. 



Ceramic 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.03 MAX 


B 


1.62 MAX 


0.06 MAX 


C 


2.54 ± 0.1 


0.1 ± 0.004 


D 


0.5 ± 0.1 


0.02 t 0.004 


E 


48.26 ± 0.1 


1.9 ±0.004 


F 


1.02 MIN 


0.04 MIN 


G 


3.2 MIN 


0.13MIN 


H 


1.0 MIN 


0.04 MIN 


I 


3.5 MAX 


0.14 MAX 


J 


4.5 MAX 


0.18 MAX 


K 


15.24 TYP 


0.6 TYP 


L 


14.93 TYP 


0.59 TYP 


M 


0.25 ± 0.05 


0.01 ± 0.0019 



M PD7220C 




ITEM 


MILLIMETERS 


INCHES 


A 


51.5MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 i 0.1 


0.10 ± 0.004 


D 


0.5 i 0.1 


0.019 + 0.004 


E 


48.26 


1.9 


F 


1.2 MIN 


0.047 MIN 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.019 MIN 


I 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 


L 


13.2 


0.520 


M 


+ 0.1 
0.25 

0.05 


+ 0.004 
0.010 

0.002 
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7220DS-REV2-2-82-CAT 



NEC 

NEC Electronics U.SA Inc. 

Microcomputer Division 



M PD7225 

INTELLIGENT ALPHANUMERIC 

LCD CONTROLLER/DRIVER 



Description 

The/nPD7225 is an intelligent peripheral device designed 
to interface most microprocessors with a wide variety of 
alphanumeric LCDs. It can directly drive any static or 
multiplexed LCD containing up to 4 backplanes and up 
to 32 segments and is easily cascaded for larger LCD 
applications. The /uPD7225 communicates with a host 
microprocessor through an 8-bit serial interface. It 
includes a 7-segment numeric and a 14-segment alpha- 
numeric segment decoder to reduce system software 
requirements. The /nPD7225 is manufactured with low 
power consumption CMOS process allowing use of a 
single power supply between 2.7V and 5.5V and is 
available in a space-saving 52-pin flat plastic package. 

Features 

□ Single-chip LCD Controller with Direct LCD Drive 

□ Low-cost Serial Interface to most Microprocessors 

□ Compatible with: 

7-Segment Numeric LCD Configurations— up to 16 

Digits 
14-Segment Alphanumeric LCD Configurations — up 

to 8 Characters 

□ Selectable LCD Drive Configuration: 

Static, Biplexed, Triplexed, or Quadriplexed 

□ 32-Segment Drivers 

□ Cascadable for Larger LCD Applications 

□ Selectable LCD Bias Voltage Configuration: 

Static, 1/2, or 1/3 

D Hardware Logic Blocks Reduce System Software 
Requirements 

— 8-Bit Serial Interface 

— Two 32 x 4-Bit Static RAMs for Display Data and 

Blinking Data Storage 

— Programmable Segment Decoding Capability 

- 16-Character, 7-Segment Numeric Decoder 

- 64-Character, 14-Segment USASCII Alpha- 

numeric Decoder 

— Programmable Segment Blinking Capability 

— Automatic Synchronization of Segment Drivers 

with Sequentially Multiplexed Backplane Drivers 

□ Single Power Supply, Variable from 2.7V to 5.5V 

□ Low Power Consumption CMOS Technology 

□ Extended - 40°C to + 85°C Temperature Range 
Available 

□ Space-saving 52-Pin Flat Plastic Package 



Pin Configuration 



s 2 o"= 
s 2) c 
s 22 c 
S23C 
S24C 
S25C 

S 2 6l= 
S 27 C 
S28C 
S29C 



S30d 
S3ld 



nnn 



# # 



39 38 37 36 35 34 33 32 31 30 29 28 27 



o 



/ZPD7225 



O 



1 2 3 4 5 6 7 8 9 10 11 12 13 



3S 7 



3S 3 



3 S 
3COM 3 
DCOM 2 
3COM, 



z u o o 



> > > > > l« 



1 Pin Description 





Pin 


Function 


No. 


Symbol 


1 


CL 2 


System clock output (active high). Connect to CL-| with 
180kQ resistor, or leave open. 


2 


SYNC 


Synchronization port (active low). For muitichip operation 
tie all SYNC lines together. 


3-5 


V L CD V 

VlcdJ. 

V LCD 3 


LCD bias voltage supply Inputs to LCD voltage controller. 
Apply appropriate voltages from a voltage ladder con- 
nected across Vqq. 


6 


v S s 


Ground. 


7,33 


V DD 


Power supply positive. Apply single voltage ranging from 
2.7V to 5.5V for proper operation. 


8 


SCK 


Serial clock Input (active low). Synchronizes 8-blt serial data 
transfer from microprocessor to pPD7225. 


9 


SI 


Serial input (active high). Data input from microprocessor. 


10 


CS 


Chip select Input (active low). Enables pPD7225 for data 
Input from microprocessor. Display can also be updsted 
when pPD7225 is deselected. 


11 


BUSY 


Busy output (active low). Handshake line indicatea that 
MPD7225 is ready to receive next data byte. 


12 


C/D 


Command/data select input (active both high and low). 
Distinguishes serially input data byte as a command or as 
display data. 


13 


RESET 


Reset input (active low). R/C circuit or pulse initializes 
MPD7225 after power-up. 


14 


NC 


No connection. 


15-18 


COM -COM 3 


LCD Backplane Driver Outputs. 


19-32, 
34-51 


S -S 31 


LCD Segment Driver Outputs. 


52 


ct-r 


System clock Input (active high). Connect to CL 2 with 
180kQ resistor, or to external clock source. 
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Block Diagram 



VDD 
VLCDi 
VLCD2 
VLCD3 

VSS 

CL1 

CL 2 

RESET 



COM0-COM3 




Backplane Drivers 



SI 



LCD 

Timing 
Controller 



3 



Interface 
Controller 





LCD 
Voltage 
Controller 















Clock 
Oscillator 







CS C/D BUSY 



Segment 
Decoder 



S -S 31 




Segment Drivers 



Display Latch 



=> 



32 x 4 Bit 
Display RAM 



Buffer 



Serial Interface 



f Data "A 

\_ Pointer _/ 



32 x 4 Bit 
Blinking RAM 



M 



Command 
Decoder 



Command Summary 



Command 



Instruction Cod* 



Binary 



HEX 



Description 



D 7 D« D« D4 Da Da Di Do 



1 . MODE SET 



Initialize the mPD7225, including selection of: 1 D 4 D 3 D 2 Di D 40-5F 

1) LCD Drive Configuration 

2) LCD Bias Voltage Configuration 

3) LCD Frame Frequency 



2. UNSYNCHRONOUS DATA 
TRANSFER 


Synchronize Display RAM data transfer to 
Display Latch with CS 








1 1 














30 


3. SYNCHRONOUS DATA 
TRANSFER 


Synchronize Display RAM data transfer to 
Display Latch with LCD Drive Cycle 








1 1 











1 


31 


4. INTERRUPT DATA 
TRANSFER 


Interrupt Display RAM data transfer to 
Display Latch 








1 1 


1 











38 


5. LOAD DATA POINTER 


Load Data Pointer with 5 bits of Immediate 
Data 


1 


1 


.1 D 4 


D 3 


D 2 


D, 


Do 


EO-FF 


6. CLEAR DISPLAY RAM 


Clear the Display RAM and reset the Data 
Pointer 








1 














20 


7. WRITE DISPLAY RAM 


Write 4 bits of Immediate Data to the Display 
RAM location addressed by the Data 
Pointer; Increment Data Pointer 


1 


1 


1 


D 3 


D 2 


D, 


Do 


DO-DF 



8. AND DISPLAY RAM 



Perform a Logical AND between the Display 1 1 D 3 D 2 D, D 90-9F 

RAM data addressed by the Data Pointer 

and 4 bits of Immediate Data; Write result to 

same Display RAM location. Increment Data 

Pointer 
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Command Summary (Cont.) 



MPD7225 



Instruction Cod* 



Binary 



HEX 



Command 



Description 



Dt D e Da D4 Da Da Di Da 



9. OR DISPLAY RAM 



Perform a Logical OR between the Display 
RAM data addressed by the Data Pointer 
and 4 bits of Immediate Data; Write result to 
same Display RAM location; Increment Data 
Pointer 



10 1 1 D 3 D 2 D, D BO-BF 



10. ENABLE SEGMENT 
DECODER 


Start use of the Segment Decoder 











1 





1 





1 


15 


11. DISABLE SEGMENT 
DECODER 


Stop use of the Segment Decoder 











1 





1 








14 


12. ENABLE DISPLAY 


Turn on the LCD 











1 











1 


11 


13. DISABLE DISPLAY 


Turn off the LCD 











1 














10 


14. CLEAR BLINKING RAM 


Clear the Blinking RAM and reset the Data 
Pointer 


























00 


15. WRITE BLINKING RAM 


Write 4 bits of Immediate Data to the Blinking 
RAM location addressed by the Data 
Pointer; Increment Data Pointer 


1 


1 








D 3 


D 2 


D, 


Do 


C0-CF 



16. AND BLINKING RAM 



Perform a Logical AND between Blinking 
RAM data addressed by the Data Pointer 
and 4 bits of Immediate Data; Write result to 
same Blinking RAM Location; Increment 
Data Pointer ■ 



1 D 3 D 2 Di Do 80-8F 



17. OR BLINKING RAM 



Perform a Logical OR between Blinking 
RAM data addressed by the Data Pointer 
and 4 bits of Immediate Data; Write result to 
same Blinking Location; Increment Data 
Pointer 



1 1 D 3 D 2 D, D A0-AF 



18. ENABLE BLINKING 


Start Segment Blinking at the Frequency 
Specified by 1 bit of Immediate Data 


1 


1 1 D 1A-1B 


19. DISABLE BLINKING 


Stop Segment Blinking 


1 


10 18 



Details of operation and application examples can be 
found in the "mPD7225 Intelligent Alphanumeric LCD 
Controller/Driver Technical Manual." 



Absolute Maximum Ratings 



DC Characteristics 

T a = -10°Cto +70°C;V DD s +5.0V ± 10% 



T a = 25°C 


Supply Voltage, Vqd 


- 0.3V to + 7.0V 


All Inputs and Outputs with Respect to Vss 


-0.3VtoVoD +0-3V 


Storage Temperature 


-65°Cto +150°C 


Operating Temperature 


-10°Cto +70°C 



•COMMENT: Stress above those listed under "Abso- 
lute Maximum Ratings" may cause permanent damage 
to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 
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Symbol 




Limit* 




Unit 


Teat 


Parameter 


Mbi 


Typ 


Max 


Condition* 


Input Voltage 
High 


V|H 


0.7 V DD 




V DD 


V 




Input Voltage 
Low 


V|L 







0.3 
VOD 


V 




Input Leakage 
Current High 


■lih 






2 


ma 


V| H = V DD 


Input Leakage 
Current Low 


'lil 






-2 


>-a 


V, L - OV 


Output Voltage 
High 


V H 


V DD -0.5 






V 


BUSY, SYU5, 
| QH . - 10 pA 


Output Voltage 


VOL! 






0.5 


V 


BUSV, Iql - 100 mA 


Low 


VOL 2 






1.0 


V 


SYNC, l OL - 900 f/A 


Output Leakage 


■loh 






2 


fA 


VOH " VDD 


Current Low 


'lol 






-2 


ma 


Vol - ov 


Output Short 
Circuit Current 


■os 






-300 


ma 


SYNC, V os . 1.0V 


Backplane Driver 
Output Impedance 


"com 




5 


7 


kS2 


COMO-COM3, 
VDD > v LCD . 
Applies to static-, 
1/2-, and 1/3-LCD 
bias voltage schemes 


Segment Driver 
Output Impedance 


R SEQ 




7 


14 


kQ 


So-S 31 , 
VDD > v LCD . 
Applies to static-, 
1/2-, and 1/3-LCD 
bias voltage schemes 


Supply Current 


■dd 




100 


250 


«A 


CL! external clock, 
ty - 200 KHz 



M PD7225 



DC Characteristics (Cont.) 

T a s 0°Cto +70°C|Vod ■ 2.7toS.8V 





Symbol 




Umlte 




Unit 


Test 


Panmitn 




Mln 


Typ 


Max 


Conditions 


Input Voltage 


V '«1 


0.7 


V DD 




VDD 


V 


Except SCK 


High 


V|H 2 


o.e 


VDD 




VDD 


V 


5SK 


Input Voltage 


V,L, 









0.3 
VDD 


V 


Except SCK 


Low 


V.L 2 









0.2 
VDD 


V 


SCK 


Input Leakage 
Current High 


'lih 








2 


ma 


V|H " V DD 


Input Leakage 
Current Low 


'lil 








-2 


ma 


V|L - 0V 


Output Voltage 
High 


VOH 


V DD -0.7S 






V 


BUSY, SYNC, 
■OH " -*mA 


Output Voltage 


vol. 








0.5 


V 


BUSY, Iql - 100 hA 


Low 


V L 2 








0.5 


V 


SVNC, Iql - 400 pA 


Output Leakage 


■loh 








2 


cA 


VOH " V D D 


Current Low 


■lol 








-2 


ma 


Vol - ov 


Output Short 
Circuit Current 


■os 








-200 


ma 


SYNC, V 3 - 0.5V 



Backplane Driver R COM 
Output Impedance 



COM0-COM3, 
V DD > V LCD . 
Applies to static-, 
1/2-, and 1/3-LCD 
bias voltage schemes 



Segment Driver R SEQ 

Output Impedance 



80-831, 

vdd>v lcd . 

Applies to static-, 
1/2-, and 1/3-LCD 
bias voltage schemes 



Supply Current Iqq 



30 100 mA 



CL, external clock, 
V DD - 3.0V 1 10%, 
14 - 140 KHz 



AC Characteristics 

T a = -10°Cto +70°C;V DD a +5.0V ± 10% 





Symbol 




LfmHe 




Unit 




Parameter 


Mln 


tkp 


Max 


Conditions 


CI 


'♦ 


50 




200 


KHz 




requency 


•osc 


85 


130 


175 


KHz 


R - 180 kS + 5% 


Clock Pulse Width 
High 


'♦«H 


2 




16 


M» 


CL-), external clock 


Clock Pulse Width 
Low 


'♦W L 


2 




16 


M» 


CL,, external clock 


SCK Cycle 


«CY K 


900 






ns 




SCK Pulse Width 
High 


«KW H 


400 






ns 




SCR Pulse Width 
Low 


'KWl 


400 






ns 




BUSYt to SCR* 
Hold Time 


«BH K 









ns 




SI Setup Time to 
SCRt 


«IS K 


100 






ns 




SI Hold Time 
After SCKt 


«IH K 


200 






ns 




8th 'SCKt to 
BUSY* Delay Time 


l KD B 






3 


M» 


c LOAD " so P F 


CS1 to BUSY* 
Delay Time 


«CD B 






1.5 


Me 


c LOAD " 60 P F 


C7B Setup Time 
to 8th SCKt 


tDS K 


9 






f 




C/B Hold Time 
After 8th SCKt 


«DH K 


1 






M» 




CS Hold Time 
After 8th SCRt 


«CH K 


1 






»• 




C5 Pulse Width 
High 


«CW H 


8/f + 






M« 




CS Pulse Width 
Low 


»CW L 


8/14 






M» 





AC Characteristics (Cont.) 

T a a 0*Cto +70 e Cj Vdo ■ 2.7V to 5.5V 





Symbol 




Units 




Unit 


Taat 


Parameter 


Mln 


Typ 


Max 


Condftlone 




«♦ 


50 




140 


KHz 






»osc 


50 


100 


140 


KHz 


R - 180 kQ + 5%, 
V DD - 3.0V ± 10% 


Clock Pulse Width 
High 


'♦w H 


3 




16 


Me 


CL, , external clock 


Clock Pulse Width 
Low 


'|W L 


3 




16 


Me 


CL|, external clock 


SCR Cycle 


»CY K 


4 






Me 




SCK Pulse Width 
High 


«KW H 


1.8 






MS 




SCR" Pulse Width 
Low 


»KW L 


1.8 






Me 




BUSYt to SCK* 
Hold Time 


«BH K 









ns 




SI Setup Time to 
SCKt 


»IS K 


1 






Me 




SI Hold Time 
After SCKt 


«IH K 


1 






Me 




8th 5CRt to 
BUSY* Delay 
Time 


'KD B 






5 


Me 


CLOAD - «> P F 


C5* to BUSY* 
Delay Time 


'CDb 






5 


MB 


c LOAD " 50 P F 


C/B Setup Time 
to 8th 5CRt 


tDS K 


18 






M» 




C/B Hold Time 
After 8th SCRt 


«DH K 


1 






Me 




CS Hold Time 
After 8th SCRt 


«CH K 


1 






MS 




CS Pulse Width 
High 


«CW H 


8/I4 






Me 




C5 Pulse Width 
Low 


l CW L 


8/14 






Me 




SYNC Load 
Capacitance 


c LOAD 






50 


PF 


f^ - 200 KHz 



Capacitance 

T. = 25°C 



Symbol Mln Typ Max Unit 



Taat 
Condttlona 



Input Capacitance 


C| 


10 


pF 






c o, 


20 


PF 


Except BUSY 




Co, 


15 


PF 


BUSY 


Input/Output 
Capacitance 


C|0 


15 


PF 


SVUC 


Clock Capacitance 


c+ 


30 


PF 


CL, Input 



ti - 1 MHz. 
Unmeasured 
pine return 
toOV. 
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AC Timing Characteristics 



M PD7225 



All Input* 



\ 



-/- 



M 



AH Output* 



\ 



^ 



^ 



VOH 

vol 



Timing Waveforms 

Clock 



X 



.1/1$. 



• «+wl- 



r- 



■ <W H - 






Serial Interface 



A 



58 —VI |— «cdb 



••CWL- 



-^.tCHK- 




h"3K- 



«IHK 



■<zz^-cz:l"h: 



-«DSk- 



.«CWh. 




«DH K - 



C/B- 
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MPD7225 



Characteristics Curves 

T a s 25°C 



External Resistance vs Oscillation Frequency 






N 






1 CL2 CL1 | 

I VW 1 




N >v 
















VDD = 3VN. \ 




TH! 




v \ 


N - 



100 200 500 

External Resistance R (kQ) 



Supply Voltage vs Oscillation Frequency 



* 120 



c 100 

a 
I 



I 


CL1 I 








R 


R = 180 kQ 






























T^H-J 











Supply Voltage V DD (V) 



Supply Voltage vs Supply Current 



I CL 2 CL1 | 

i 

External Clock 


f = 200 KHz 








f = 140 KHz/ 1 












TL-_ 









Supply Voltage V DD (V) 
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M PD7225 



Package Dimensions (Unit: mm) 

Use IC Socket IC-53-11 for all packages. 

HPD7225G-01 



O 



P. 



+ 0.2 
-0.1 



IZ1.0 ± 0.15 

"T 



— Vddq d pddddddd q\: 



\. 0.1 Max 



MPD7225G-00 



i 



flU 



O 



i i i , 



0°-v15 o J~"~~^ 
0° ~15°~\^..-^" i 



0.15 +0-1» 
-0.05 
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/iPD7227 



/iPD7227 INTELLIGENT DOT-MATRIX 
LCD CONTROLLER/DRIVER 



DESCRIPTION 



ThejuPD7227 Intelligent Dot-matrix LCD Controller/Driver is a peripheral device 
designed to interface most microprocessors with a wide variety of dot matrix LCDs. 
It can directly drive any multiplexed LCD organized as 8 rows by 40 columns, and is 
easily cascaded up to 16 rows and 280 columns. The juPD7227 is equipped with 
several hardware logic blocks, such as an 8-bit serial interface, ASCII character 
generator, 40 x 16 static RAM with full read/write capability, and an LCD timing 
controller; all of which reduce microprocessor system software requirements. The 
/UPD7227 is manufactured with a single 5V CMOS process, and is available in a 
space-saving 64-pin flat plastic package. 



FEATURES • Single-chip LCD controller with direct LCD drive 

• Compatible with most microprocessors 

• Eight row drives 

— Designed for dot-matrix LCD configurations up to 280 dots 

— Designed for 5x7 dot-matrix character LCD configuration; up to 8 characters 

— Cascadable to 1 6 row drives 

• 40 column drives 

— Cascadable to 280 column drives 

• Hardware logic blocks reduce system software requirements 

— 8-bit serial interface for communication 

— ASCI I 5 x 7 dot-matrix character generator with 64-character vocabulary 

— 40 x 16 bit static RAM for data storage, retrieval, and complete back-up 
memory capability 

— Voltage controller generates LCD bias voltages 

— Timing controller synchronizes column drives with sequentially-multiplexed 
row drives 

• Single +5V power supply 

• CMOS technology 



PIN CONFIGURATION 



c 5 C 
<=6 C 



C8 C 
C 9 C 

C10 C 



O MPD7227 O 
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PIN NUMBER 


SYMBOL 


FUNCTION 


1 


NC 


No connection. 


2-24,47-57, 
59-64 


C0-C39 


LCD Column Driver Outputs. 


25 


vss 


Ground 


26,58 


VDD 


Power supply positive. Apply single voltage 
ranging from 2.7V to 5.5V for proper 
operation. 


27 


CLOCK 


System Clock input (active high) connect to 
external clock source. 


28 


RESET 


Reset input (active high). R/C circuit or 
pulse initializes /JPD7227 after power-up. 


29 


SI 


Serial input (active high). Data input from 
microprocessor. 


30 


C/D 


Command/Data Select input (active both 
high and low). Distinguishes serially input 
data byte as a command or as display data. 


31 


so/bDsy 


Serial Output (active high)/Busy output 
(active low). Data output from /IPD7227 
to microprocessor when in READ MODE 
and C/D is low. Handshake output indicates 
that jl<PD7227 is ready to receive/send next 
data byte. 


32 


SCK 


Serial Clock input (active low)'. Synchronizes 
8-bit serial data transfer between microproc- 
essor and MPD7227. 


33 


CS 


Chip Select Input (active low) enables 
/JPD7227 for communication with micro- 
processor. 


34 


SYNC 


Synchronization port (active high). For 
multichip operation tie all SYNC lines 
together, and configure with MODE SET 
command. 


35-38 


VLCDv Vlcd 2 - 
V LCD3. V LCD4 


LCD Bias Voltage supply inputs to LCD 
Voltage Controller. Apply appropriate volt- 
ages from a voltage ladder connected across 
VDD- 


39-46 


R0/8-R7/15 


LCD Row Driver Outputs. 



PIN DESCRIPTION 



•>B "ID 

J! 






ROW DRIVER! 



COLUMN DRIVER 



3 



V DD" 
v LCDi" 
V LCD 2 " 
VLCD3- 
VLCD4- 

v S s- 



S 



STATIC RAM 

(ORGANIZED AS TWO 

40x8 BIT BANKS) 



3£ 



DATA POINTER 



ASCII 
x 7 DOT MATRIX 
CHARACTER 
GENERATOR 



ff & 



BLOCK DIAGRAM 



TT 



TT 



SO/BUSY SCK SI 
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COMMAND SUMMARY 



Command 


Description 


Instruction Code 


Binary 


HEX 


D 7 D 6 D 5 D 4 D 3 D2 D T Do 


1, MODE SET 


Initialize the MPD7227, 
including selection of 

1. LCD Drive 
Configuration 

2. Row Driver Port 
Function 

3. RAM Bank 

4. SYNC Port Function 


1 1 D 2 Dj Do 


18-1 F 


2. FRAME FRE- 
QUENCY SET 


Set LCD Frame 
Frequency 


1 D2 Di Do 


10-17 


3. LOAD DATA 
POINTER 


Load Data Pointer with 
7 bits of Immediate 
Data 


1 D6 D 5 D 4 D 3 D 2 Dj D 


80-E7 


4. WRITE MODE 


Write Display Byte in 
Serial Register to RAM 
location addressed by 
Data Pointer; modify 
Data Pointer 


1 10 1 D, D 


64-67 


5. READ MODE 


Load RAM contents 
addressed by Data 
Pointer into Serial 
Register for output; 
modify Data Pointer 


1 10 D] Do 


60-63 


6. AND MODE 


Perform a Logical AND 
between the display 
byte in the Serial 
Register and the RAM 
contents addressed by 
Data Pointer; write 
result to same RAM 
location; modify Data 
Pointer 


110 1 1 Pi D 


6C-6F 


7. OR MODE 


Perform a Logical OR 
between the display 
byte in the Serial 
Register and the.RAM 
contents addressed by 
Data Pointer; write 
Result to same RAM 
location; modify Data 
Pointer 


110 1 Dj D 


68-6B 


8. CHARACTER 
MODE 


Decode display byte in 
Serial Register into 
5x7 character with 
Character Generator; 
write character to RAM 
location addressed by 
Data Pointer; increment 
Data Pointer by 5 


1 1 1 1 


72 


9. SET BIT 


Set single bit of RAM 
location addressed by 
Data Pointer; modify 
Data Pointer 


1 D4 D3 D 2 D1 Do 


40-5F 


10. RESET BIT 


Reset single bit of RAM 
location addressed by ■_ 
Data Pointer; modify 
Data Pointer 


1 D4 D3 D 2 D1 Do 


20-3F 


11. ENABLE 
DISPLAY 


Turn on the LCD_ 


1 1 


09 


12. DISABLE 
DISPLAY • 


Turn off the LCD 


1 


08 



B 



Further details of operation can be found in the "juPD7227 Intelligent Dot -Matrix 
LCD Controller/Driver Technical Manual." 



547 



M PD7227 

Power Supply, Vdd -0.3V to +7.0V 

All inputs and outputs with respect to Vss -0.3V to VqD +u> '3 

Storage Temperature -40°C to +125° C 

Operating Temperature - 10° C to +70°C 

T a - 25°C 

'COMMENT: Exposing the device to stresses above those listed In Absolute Maximum Ratings 
could cause permanent damage. The device is not meant to be operated under conditions outside 
the limits described in the operational sections of this specification. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 



T a = -10°C to +70°C, Vdd " + 5.0V 


± 10% 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage 
High 


V|H 


o.7 v D D 




vdd 


V 




Input Voltage 
Low 


V|L 







0.3 v D d 


V 




Input Leakage 
Current High 


•lih 






+10 


HA 


Vih = Vdd 


Input Leakage 
Current Low 


■lil 






-10 


»iA 


v, H = ov 


Output Voltage 
High 


Voh, 


V DD -0.5 






V 


SO/BUS"?, Ioh--400xA 


v OH2 


SYNC, loH" -100 «a' 


Output Voltage 
Low 


VOL! 






0.45 


V 


SO/BUS?", l L = + 1-7rnA 


VOL 2 


SYNC, Iql = +100 »jA 


Output Leakage 
Current High 


• loh 






+10 


»iA 


v oh = v dd 


Output Leakage 
Current Low 


• lol 






-10 


MA 


vol = ov 


LCD Operating 
Voltage 


v L cd 


3.0 




vdd 


V 


8-Row Multiplexed LCD 
Drive Configuration 




vdd 




16-Row Multiplexed LCD 
Drive Configuration 


Row Drive 

Output 

Impedance 


R ROW 




4 


8 


kn 




Column Drive 

Output 

Impedance 


"column 




10 


15 


kn 




Supply Current 


•dd 




200 


400 


HA 


fd> = 400 KHj! 



DC CHARACTERISTICS 



T a - -25°C, v D d - ov 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






10 


pF 


i<t> - 1 MHz 

Unmeasured pins 
returned to Ground. 


Output Capacitance 


CO 






25 


PF 


Input/Output Capacitance 


C|Q 






15 


pF SYNC 



CAPACITANCE 
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AC CHARACTERISTICS T 8 -~io°cto+Vcfc,v DD -+5.ov±.io% 



CLOCK WAVEFORM 



SERIAL INTERFACE 
TIMING WAVEFORMS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


CONDITIONS 


WIN 


TYP 


MAX 


Clock Frequency 


f<t> 


100 




1000 


KHz 




Clock Pulse Width High 


t</>Wn 


400 






ns 




Clock Pulse Width Low 


t«W|_ 


400 






ns 




SCK Cycle 


tCYk- 


0,9 






MS 




SCK Pulse Width High 


tkWH 


400 






ns 




§CK Pulse Width Low 


*KWl 


400 






ns 




SCK Hold Time After BUS?t 


tKHe 









ns 




SI Setup Time To SCKt 


tis K 


100 






ns 




SI Hold Time After SCKt 


t|H K 


250 






ns 




SO Deley Time After SCK 4 


t D K 






320 


ns 


c LOAD"50pF 


SO Deley Time After C/D 4 


tODp 






2 


us 


SCK Hold Time After C/D4 


tKHp 


2 






JUS 


BUSY Delay Time After 8th SCKt 


tBD« 






3 


MS 


BUSY Delay Time After C/Dt 


l BD D 






2 


MS 


BUSY Delay Time After CSJ 


tBD C 






2 


Ms 


C/D Setup Time to 8th SCKt 


tDS K 


2 






Ms 




C/D Hold Time After 8th §5Kt 


tDH K 


2 






MS 




CS Hold Time After 8th SC"Rt 


tCH K 


2 






MS 




CS Pulse Width High 


*CWh 


2/f0 






MS 




CSt Delay Time to BUSY Floating 


tCDs 


2 






MS 


c LOAD = 30pF 


SYNC Load Capacitance 


c LOAD S 






100 


PF 





7\ 



-i/f^- 



-t0W H - 



/ 



1 



V|H 
■V| L 



-^Wl — 



<\ 



'ODq 
\ 



X 



/"V — 

/ -V (SOI 



\.J\ 



r 



"tOD K 



DC 




'KW H 



\ 1st / — H \ 2nd / \ 8th / 



■3^X 



K 



tDH K 



yk 



«BD D 






IBUSYlY \ 



-«'CD B *- 



3l/J\ 



!jC3C_ JDGfEX. 
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kmmax. PACKAGE DIMENSIONS 
(UNIT:mm) 
Use I.C. socket #IC-51-595S 



MPD7227G-11 



25.8 ±0.4 



11 



l*PD7227G-12 




-1.2 ± 0.2 
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UEC 

NEC Electronics USA Inc. 

Microcomputer Division 

DIGITAL SIGNAL PROCESSOR 



jiPD7720 



DESCR IPTION The NEC /UPD7720 Signal Processing Interface (SPI) is an advanced architecture 

microcomputer optimized for signal processing algorithms. Its speed and flexibility 
allow the SPI to efficiently implement signal processing functions in a wide range of 
environments and applications. 
The NEC SPI is the state of the art in signal processing today, and for the future. 



APPLICATIONS 



PERFORMANCE 
BENCHMARKS 



FEATURES 



Speech Synthesis and Analysis 

Digital Filtering 

Fast Fourier Transforms (FFT) 

Dual-Tone Multi-Frequency (DTMF) Transmitters/Receivers 

High Speed Data Modems 

Equalizers 

Adaptive Control 

Sonar/Radar Image Processing 

Numerical Processing 



Second Order Digital Filter (BiQuad) 2.25 pes 

SINE/COS of Angles 5.25 jus 

ju/A LAW to Linear Conversion 0.50 jus 

FFT: 32 Point Complex 0.7 ms 

64 Point Complex 1.6 ms 

Fast Instruction Execution — 250 ns 

16-Bit Data Word 

Multi-Operation Instructions for Optimizing Program Execution 

Large Memory Capacities 

- Program ROM 512 x 23 Bits 

- Coefficient ROM 510x13 Bits 

- Data RAM 128x16 Bits 
Fast (250 ns) 16 x 16-31 Bit Multiplier 

Dual Accumulators 

Four Level Subroutine Stack for Program Efficiency 

Multiple I/O Capabilities 

- Serial 

- Parallel 

- DMA 

Compatible with Most Microprocessors, Including: 

- /xPD8080 

- juPD8085 

- juPD8086 

- MPD780 (Z80™*) 
Power Supply +5V 
Technology NMOS 
Package - 28 Pin Dip 




*Z80 is a registered trademark of Zilog Corporation. 
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I4PD7720 



NCL"J 


1 v 


tjackC 


2 


drqC 


3 


poC 


4 


piC 


5 


DaC 


6 



27DA 

26U-C5- 

25DTn? 
24 I] TOT 

23 D SORQ 
Dt C 7 A ,p D77 2Q D 22 ^ SO 
D 2 C 8 21 I] SI 

D3C 9 20 DSOEN 

D41C1O 19 3'STEIT 

D 5 C11 18 I]SCK 

D 6 Ci2 17 Hint 

D7C13 16HRST 

GNbQl4 15_DCLK 



PIN CONFIGURATION 



Fabricated in high speed NMOS, the /iPD7720 SPI is a complete 16-bit microcomputer 
on a single chip. ROM space is provided for program and coefficient storage, while 
the on-chip RAM may be used for temporary data, coefficients and results. Computa- 
tional power is provided by a 16-bit Arithmetic/Logic Unit (ALU) and a separate 
16 x 16-bit fully parallel multiplier. This combination allows the implementation of a 
"sum of products" operation in a single 250 nsec instruction cycle. In addition, each 
arithmetic instruction provides for a number of data movement operations to further 
increase throughput. Two serial I/O ports are provided for interfacing to codecs and 
other serially-oriented devices while a parallel port provides both data and status 
information to conventional fiP for more sophisticated applications. Handshaking 
signals, including DMA controls, allow the SPI to act as a sophisticated programmable 
peripheral as well as a stand alone microcomputer. 

Memory is divided into three types, Program ROM, Data ROM, and Data RAM. 
The 512 x 23-bit words of Program ROM sre addressed by a 9-bit Program Counter 
which can be modified by an external reset, interrupt, call, jump, or return instruction. 

The Data ROM is organized in 512 x 13-bit words and is also addressed through a 9-bit 
ROM pointer (RP Reg.) which may be modified as part of an arithmetic instruction 
so that the next value is available for the next instruction. The Data ROM is.ideal 
for storing the necessary coefficients, conversion tables and other constants for all 
your processing needs. 

The Data RAM is 128 x 16-bit words and is addressed through a 7-bit Data Pointer 
(DP Reg.). The DP has extensive addressing features that operate simultaneously with 
arithmetic instructions so that no added time is taken for addressing or address 
modification. 



K— . 




>ORT 

-LP 



R RE 



FUNCTIONAL DESCRIPTION 



MEMORY 



BLOCK DIAGRAM 



__ CONTRC 

■TfL 

l rU 
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PIN IDENTIFICATION 



PIN 


NAME 


I/O 


FUNCTION 


1 


NC 


1 


No Connection. 


2 




1 


DMA Request Acknowledge. Indicates to the 
juPD7720 that the Data Bus is ready for a DMA 
transfer. (DACK = CS • Ao = 0) 


DACK 


3 


DRQ 





DMA Request signals that the /*PD7720 is 
requesting a data transfer on the Data Bus. 


4,5 


PO. P1 





PO- Pi are general purpose output control lines. 


6-13 


D -D 7 


I/O Tristate 


Port for data transfer between the Data Register 
or Status Register and Data Bus. 


14 


GND 






15 


CLK 


1 


Single phase Master Clock input. 


16 


RST 


1 


Reset initializes the /uPD7720 internal logic and 
sets the PC to 0. 


17 


INT 


1 


Interrupt. A low to high transition on this pin 
will (if interrupts are enabled by the program) 
execute a call instruction to location 100H. 


18 


SCK 


1 


Serial Data Input/Output Clock. A serial data 
bit is transferred when this pin is high. 


19 


SIEN 


1 


Serial Input Enable. This line enables the shift 
clock to the Serial Input Register. 


20 




1 


Serial Output Enable. This pin enables the shift 
clock to the Serial Output Register. 


SOEN 


21 


SI 


■ 1 


Serial Data Input. This pin inputs 8 or 16 bit 
serial data words from an external device such 
as an A/D converter. 


22 


SO 





Serial Data Output. This pin outputs 8 or 16 
bit data words to an external device such as an 
D/A converter. 


23 


SORQ 





Serial Data Output Request. Specifies to an 
external device that the Serial Data Register 
has been loaded and is ready for output. 
SORQ is reset when the entire 8 or 16 bit 
word has been transferred. 


24 


WR 


1 


Write Control Signal writes the contents of 
data bus into the Data Register. 


25 


RD 


1 


Read Control Signal. Enables an output to 
the Data Port from the Data or Status 
Register. 


26 


CS 


1 


Chip Select. Enables data transfer with 
Data or Status Port with RD or WR. 


27 


A 


1 


Selects Data Register for Read/Write (low) or 
Status Register for read (high). 


28 


vcc 




+5V Power 
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General 

One of the unique features of the SPI's architecture is its arithmetic facilities. With a 
separate multipler, ALU, and multiple internal data paths, the SPI is capable of 
carrying out a multiply, an add, or other arithmetic operation, and move data between 
internal registers in a single instruction cycle. 

ALU 

The ALU is a 16-bit 2's complement unit capable of executing 16 distinct operations 
on virtually any of the SPI's internal registers, thus giving the SPI both speed and 
versatility for efficient data management. 

Accumulators (ACCA/ACCB) 

Associated with the ALU are a pair of 16-bit accumulators, each with its own set of 
flags, which are updated at the end of each arithmetic instruction (except NOP). In 
addition to Zero Result, Sign Carry, and Overflow Flags, the SPI incorporates auxil- 
liary Overflow and Sign Flags (SA1, SB1, OVA1, OVB1). These flags enable the 
detection of an overflow condition and maintain the correct sign after as many as 3 
successive additions or subtractions. 



ARITHMETIC 
CAPABILITIES 



SA1 


SAO 


CA 


ZA 


OVA1 


OVAO 


SB1 


SBO 


CB 


ZB 


OVB1 


OVBO 



ACC A/B FLAG REGISTERS 



FLAG A 
FLAG B 

Sign Register (SGN) 

When OVA1 (or OVB1) is set, the SA1 (or SB1) bit will hold the corrected sign of the 
overflow. The SGN Register will use SA1 (SB1) to automatically generate saturation 
constants 7FFFH(+) or 8000H(- ) to permit efficient limiting of a calculated valve. 

Multiplier 

Thirty-one bit results are developed by a 16 x 16 bit 2's complement multiplier in 
250 ns. The result is automatically latched in 2-16-bit registers M&N (LSB in N is 
zero) at the end of each instruction cycle. The ability to have a new product available 
and to be able to use it in each instruction cycle, provides significant advantages in 
maximizing processing speed for real time signal processing. 

Stack 

The SPI contains a 4-level program stack for efficient program usage and interrupt 
handling. 

Interrupt 

A single level interrupt is supported by the SPI. Upon sensing a high level on the INT 
terminal, a subroutine call to location 100H is executed. The El bit of the status 
register is automatically reset to thus disabling the interrupt facilities until reenabled 
under program control. 
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INPUT/OUTPUT General 



The NEC SPI has 3 communication ports; 2 serial and one 8-bit parallel, each with 
their own control lines for interface handshaking. The parallel port also includes DMA 
control lines (DRQ and DACK) for high speed data transfer and reduced processor 
overhead. A general purpose 2 bit output (see Figure 1) port, rounds out a full comple- 
ment of interface capability. 




OUTPUT PORT 



Serial I/O 

Two shift registers (SI, SO) that are software-configurable to 8 or 16 bitsiand are 
externa|ly clocked (SCK) provide simple interface between the SPI and serial periph- 
erals such as, A/D and D/A converters, codecs, or other SPIs. 

SERIAL I/O TIMING 




SORQ 



SO ACK _T 
SO LOAD 



: , V 

^_ , CZZZ^l 

_ <-4— X-T-^ f-T- X^ yiro H TV 14 oweX .a^WP=aS!li- 

® ■ 

"~ | ! FnIxT DATA'iif) ] 

~i r i 



LOAD PULSE 
SI ACK 



• mmrry-^ xt8qrtxi4or-6Yt?^7x - 



J~L 



B 



® Data clockad out on falling adga of SCK. 

® Data dockad In on riling adoa of SCK. 

© Broktn Una danotai contacutlva wndlng of ntxt data. 

PARALLE L I/O The 8-bit parallel I/O port may be used for transferring data or reading the SPI's 

status. Data transfer is handled through a 1 6-bit Data Register (DR) that is software- 
configurable for double or single byte data transfers. The port is ideally suited for 
operating with 8080, 8085 and 8086 processor buses and may be used with other 
processors and computer systems. 
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PARALLEL R/W OPERATION 



cs 


AO 


WR 


RD 


OPERATION 


1 

X 


X 
X 


X 

1 


?} 


i No effect on internal operation. D0-D7 are at 
\ high impedance levels. 











1 


Data from D0-D7 is latched to DR Q) 








1 





Contents of DR are output to D0-D7 (T) 





1 





1 


Illegal 





1 


1 





Eight MSBs of SR are output to D0-D7 





X 








Illegal 



Eight MSBs or 8 LSBs of data register (DR) are used depending on DR 

status bit (DRS). 

The condition of DACK = is equivalent to An, = 55" = 0. 



Status Register (SR) 
MSB 



LSB 



ROM 


USF1 


USFO 


DRS 


DMA 


DRC 


SOC 


SIC 


El 

















PI 


TO 



The status register is a 16-bit register in which the 8 most significant bits may be 
read by the system's MPU for the latest I/O and processing status. 



RQM - (Request for Master): 



USF1 -(User Flag 
USFO - (User Flag 0) 

DRS- (DR Status): 



1):) 
0):/ 



DMA- (DMA Enable): 

DRC- (DR Control): 
SOC- (SO Control): 
SIC -(SI Control): 
El — (Enable Interrupt): 
P0/P1 (Ports and 1): 



A read or write from DR to IDB sets RQM = 1. An 
Ext read (write) resets RQM = 0. 

General purpose flags which may be read by an external 
processor for user defined signalling 

For 16 bit DR transfers (DRC = 0) DRS = 1 after 
first 8 bits have been transferred, DRS = after all 
16 bits 

DMA = (Non DMA transfer mode) 
DMA = 1 (DMA transfer mode) 

DRC = (16 bit mode), DRC = 1 (8 bit mode) 

SOC = (16 bit mode), SOC = 1 (8 bit mode) 

SIC = 0(16 bit mode), SIC = 1 (8 bit mode) 

El = (interrupts disabled), El = 1 (interrupts enabled) 

P0 and P1 directly control the state of output pins P0 
and P1 
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INSTRUCTIONS the SPI has 3 types of instructions all of which are one word, 23 bits long and execute 
in 250 ns. 

A) Arithmetic/Move-Return (OP - 00/RT - 01 ) 





22 21 


20 19 18 17 16 15 


14 


13 12 


11 10 9 


8 


7 6 6 4 


3 2 10 


OP 





P- 
SELECT 


ALU 


• 


DP L 


DPh-M 




c 


SRC 


DST 


RT 


1 


Same at OP instruction 



There are two instructions of this type, both of which are capable of executing all 
ALU functions listed in Table 2 on the value specified by the ALU input (i.e., P select 
field see Table 1). 

Table 1. OP, RT 



Mnemonic 


P-Select Field 
D20 Dig 


ALU Input 


RAM 





RAM 


IDB 


1 


'Internal Data Bus 


M 


1 


M Register 


N 


1 1 


N Register 



'Any value on the on-chip data bus. Value may be selected from any of registers listed in Table 7 
source register selections. 
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Table 2. OP, RT 



Flags Affected 



Mnemonic 


ALU Field 


ALU Function 


Flag A 
FlagB 


SA1 


SAO 


CA 


ZA 


OVA1 


OVAO 


Dl8 


D17 D16 


D15 


SB1 


SBO 


CB 


ZB 


OVB1 


OVBO 


NOP 











No Operation 
















OR 










OR 




X 







X 








AND 





1 





AND 




X 







X 


0, 





XOR 





1 




Exclusive OR 




X 







X 








SUB 





1 





Subtract 








X 


X 






ADD 





1 




ADD 








X 


X 






SBB 





1 1 




Subtract with 
Borrow 








X 


X 






ADC 





11 




Add with Carry 








X 


X 






DEC 









Decrement Ace 








X 


X 






INC 









Increment Ace 








X 


X 






CMP 




1 




Complement Ace 
(1's Complement) 




X 




. 


X 








SHR1 




1 




1-bit R-Shift 




X 




t 


X 








SHU 




1 





1-bit L-Shift 




X 




X 


X 








SHL2 




1 




2-bit L-Shift 




.- X 







X 








SHL4 




1 1 




4-bit L-Shift 




X 







X 








XCHG 




1 1 




8-bit Exchange 




X 







t 









X May be affected, depending on the results 

— Previous status can be held 

Reset 

X Indefinite 



Table 3. OP, RT 



Mnemonic 


ASL Field 


Acc Selection 


Di4 


ACCA 





AccA 


ACCB 


1 


ACCB 



Table 4. OP, RT 



Mnemonic 


DPl Field 
D-13 D-|2 


DP3-DP0 


DPNOP 





No Operation 


DPINC 


1 


Increment DPl 


DPDEC 


1 


Decrement DPl 


DPCLR 


1 1 


Clear DPl 



Table 5. OP, RT 



Mnemonic 


DP H 


-M Field 


Exclusive OR 


D11 


D10 


D9 


MO 











(DP 6 


DP 5 DP4) V (0 0) 


M1 








1 


DP 6 


DP 5 DP4 V (0 1) 


M2 





1 





DP 6 


DP 5 <DP 4 V (0 1 0) 


M3 





1 


1 


DP 6 


DP 5 DP4 V (0 1 1) 


M4 


1 








DP 6 


DP 5 DP4 V (1 0) 


M5 


1 





1 


DP 6 


DP5 DP4 V (1 1) 


M6 


1 


1 





DP 6 


DP 5 DP4 V (1 1 0) 


M7 


1 


1 


1 


DP 6 


DP5 DP 4 V (1 1 1 
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Table 6. OP.RT 



Mnemonic 


RPDCR 


Operation 


D 8 


RPNOP 
RPDEC 



1 


No Operation 
Decrement RP 



Besides the arithmetic functions these instructions can also modify (1) the RAM 
Data Pointer DP, (2) the Data ROM Pointer RP, and (3) move data along the on-chip 
data bus from a source register to a destination register (the possible source and 
destination registers sire listed in Tables 7 and 8 respectively). The difference in the 
two instructions of this type is that one executes a subroutine or interrupt return at 
the end of the instruction cycle while the other does not. 



Table 7. OP, RT 



Mnemonic 


SRC Field 


Specified Register 


D 7 D 6 D 5 D4 


NON 














NO Register 


A 











1 


Acc A (Accumulator A) 


B 








1 





Acc B (Accumulator BJ 


TR 








1 


1 


TR Temporary Register 


DP 





1 








DP Data Pointer 


RP 





1 





1 


RP ROM Pointer 


RO 





1 


1 





RO ROM Output Data 


SGN 





1 


1 


1 


SGN Sign Register 


DR 


1 











DR Data Register 


DRNF 


1 








1 


DR Data No Flag (D 


SR 


1 





1 





SR Status 


SIM 


1 





1 


1 


SI Serial in MSB (2) 


SIL 


1 


1 








SI Serial in LSB ® 


K 


1 


1 





1 


K Register 


L 


1 


1 


1 





L Register 


MEM 


1 


1 


1 


1 


RAM 



Notes: (T) DR to IDB ROM not set. IN DMA DRQ not set. 
© First bit in goes to MSB, last bit to LSB. 
® First bit in goes to LSB, last bit to MSB (bit reversed). 




Table 7 — List of Registers Specified by the Source Field (SRC) 
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Table 8. OP, RT, LDI 



Mnemonic 


DST Field 


Specified Register 


D 3 D 2 D-i 


Do 


@NON 











, NO Register 


@A 








1 


ACC A (Accumulator A) 


@B 





1 





Acc B (Accumulator B) 


@TR 





1 


1 


TR Temporary Register 


@DP 


1 








DP Data Pointer 


@RP 


1 





1 


RP ROM Pointer 


@DR 


1 


1 





DR Data Register 


@SR 


1 


1 


1 


SR Status Register 


@SOL 


1 








SO Serial Out LSB (D 


@SOM 


1 





1 


SO Serial Out MSB @ 


@K 


1 


1 





K (Mult) 


@KLR 


1 


1 


1 


IDB-+K ROM-H. Q> 


@KLM 


1 1 








Hi RAM->KIDB->-l_ © 


@L 


1 1 





1 


L (Mult) 


@NON 


1 1 


1 





NO Register 


@MEM 


1 1 


1 


1 


RAM 



Notes: (J) LSB is first bit out. 
(2) MSB is first bit out. 

® Internal data bus to K and ROM to L register. 
@ Contents of RAM address specified by DP6 = 1 
(i.e., 1, DP5, DP4, DPfj) is placed in K register. IDB 
is placed in L. 
Table 8 — List of Registers Specified by the Destination Field (DST) 

B) Jump/Call/Branch 

22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



10 


BRCH 


CND 


NA 





JP Instruction Field Specifications 

Three types of execution address modification instructions are accommodated by the 
processor and are listed in Table 9. All of the instructions, if unconditional or the 
specified condition is true, take their next program execution address from the Next 
Address field (NA), otherwise PC = PC + 1 . 

Table 9. Branch Field Selections (BRCH) 



20 19 18 


Instruction 


1 








Uncondition jump 


1 





1 


Subroutine call 





1 





Condition jump 



For the conditional jump instruction, the condition field specifies the jump condition. 
Table 10 lists all the instruction mnemonics of the J/C/B OP codes. 
The SPI offers all the execution modification instructions necessary for efficient, data, 
I/O and arithmetic control. 
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Table 10. Condition Field Specifications 



Mnemonic 


BRCH/CND Fields 


Conditions 


D 20 D 19 D 18 


Di7 


D16 


D 15 


D14 


D-13 


JMP 


1 

















No Condition 


CALL 


1 1 

















No Condition 


JNCA 























CA = 


JCA 




















1 


CA=1 


JNCB 





o n 











1 





CB = 


JCB 


1 














1 


1 


CB= 1 


JNZA 














1 








ZA = 


JZA 














1 





1 


ZA=1 


JNZB 














1 


1 





ZB = 


JZB 














1 


1 


1 


ZB=1 


JNOVA0 






















OVAO = 


JOVAO 



















1 


OVA0=1 


JNOVBO 
















1 





OVB0=0 


JOVBO 
















1 


1 


OVB0= 1 


JNOVA1 













1 








OVA1 = 


JOVA1 













1 





1 


OVA1 = 1 


JNOVB1 













1 


1 





OVB1 =0 


JOVB1 













1 


1 


1 


OVB1 = 1 


JNSAO 






















SA0 = 


JSAO 













0. 





1 


SA0= 1 


JNSBO 
















1 





SB0 = 


JSBO 
















1 


1 


SB0= 1 


JNSA1 













1 








SA1 =0 


JSA1 













1 





1 


SA1 = 1 


JNSB1 













1 


1 





SB1 =0 


JSB1 













1 


1 


1 


SB1 = 1 


JDPLO 





















DP L = 


JDPLF 


















1 


DP L = F(HEX) 


JNSIAK 















1 





SI ACK = 


JSIAK 















1 


1 


SI ACK= 1 


JNSOAK 












1 








SO ACK = 


JSOAK 












1 





1 


SO ACK = 1 


JNRQM 












1 


1 





RQM = 


JRQM 





1 






1 


1 


1 


RQM= 1 



Q 



*BRCH or CND values not in this table are prohibited. 
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C) Load Data (LDI) 



22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



11 


ID 


/ 


DST 



The Load Data instruction will take the 16-bit value contained in the Immediate Data 
field (ID) and place it in the location specified by the Destination field (DST) (see 
Table 8). 

Voltage (Vcc Pin) -0.5 to +7.0 Volts CD 

Voltage, Any Input -0.5 to +7.0 Volts © 

Voltage, Any Output -0.5 to +7.0 Volts © 

Operating Temperature -10°C to +70°C 

Storage Temperature -65°C to +150°C 



ABSOLUTE MAXIMUM 
RATINGS* 



Note: © With respect to GND. 

T a = 25° C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

T a = -10 ~ +70°C, Vcc = +5V ± 5% 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


CONDITION 


Input Low Voltage 


VlL 


-0.5 




0.8 


V 




Input High Voltage 


V|H 


2.0 




Vcc +0.5 


V 




CLK Low Voltage 


V0L 


-0.5 




0.45 


V 




CLK High Voltage 


V0H 


3.5 




V C C +05 


V 




Output Low Voltage 


VOL 






0.45 


V 


lOL = 2.0 mA 


Output High Voltage 


VOH 


2.4 






V 


'OH = - 4 00 mA 


Input Load Current 


'LIL 






-10 


MA 


V|N = 0V 


Input Load Current 


'LIH 






10 


ma 


V(N = Vcc 


Output Float Leakage 


'LOL 






-10 


ma 


VfJUT = 0.47V 


Output Float Leakage 


lLOH 






10 


ma 


v OUT = V CC 


Power Supply Current 


ice 




180 


280 


mA 





DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


CONDITION 


CLK, SCK Input 
Capacitance 


C0 






20 


pF 


f c = 1 MHz 


Input Pin Capacitance 


ClN 






10 


pF 


Output Pin Capacitance 


COUT 






20 


pF 



CAPACITANCE 
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AC CHARACTERISTICS T a = -io~+70°c,v C c = +5V± 5% 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


CONDITION 


CLK Cycle Time 


</>CY 


122 




2000 


ns 


© 


CLK Pulse Width 


0D 


60 






ns 




CLK Rise Time 


0R 






10 


ns 





CLK Fall Time 


0F 






10 


ns 


© 


Address Setup Time for R~5 


*AR 









ns 




Address Hold Time for RD 


tRA 









ns 




"RD Pulse Width 


tRR 


250 






ns 




Data Delay from R"D" 


tRD 






150 


ns 


C L = 100 pF 


Read to Data Floating 


tDF 


10 




100 


ns 


C L = 100 pF 


Address Setup Time for WR 


tAW 









ns 




Address Hold Time for WR" 


tWA 









ns 




WR Pulse Width 


tww 


250 






ns 




Data Setup Time for WR 


tDW 


150 






ns 




Data Hold Time forWR 


tWD 









ns 




RD, WR, Recovery Time 


tRV 


250 






ns 


© 


DRQ Delay 


tAM 






150 


ns 




DACK Delay Time 


tDACK 


1 






<t>D 


© 


SCK Cycle Time 


tSCY 


480 




DC 


ns 




SCK Pulse Width 


tSCK 


230 






ns 




SCK Rise/Fall Time 


tRSC 






20 


ns 


© 


SORQ Delay 


tDRQ ^ 


30 




150 


ns 


C L = 100 pF 


SOEN Setup Time 


tsoc 


50 






ns 




SOEN Hold Time 


tcso 


30 






ns 




SO Delay from SCK = LOW 


*DCK 






150 


ns 




SO Delay from SCK with SORQt 


*DZRQ 


20 




300 


ns 


© 


SO Delay from SCK 


*DZSC 


20 




300 


ns 


© 


SO Delay from SOEN 


tDZE 


20 




180 


ns 


© 


SOEN to SO Floating 


tHZE 


20 




200 


ns 


© 


SCK to SO Floating 


tHZSC 


20 




300 


ns 


© 


SO Delay from SCK with SORQ; 


*HZRQ 


70 




300 


ns 


© 


STEN, SI Setup Time 


tDC 


55 






ns 


© 


SIEN,SI Hold Time 


tCD 


30 






ns 




P , Pi Delay 


tDP 






0CY 
+150 


ns 




RST Pulse Width 


tRST 


4 






0CY 




INT Pulse Width 


t|NT 


8 






0CY 





m 



Notes: (T) Voltage at measuring point of timing 1 .0V and 3.0V 

(2) Voltage at measuring point of AC Timing 

V| L = Vol = 0.8V 

V|H = V OH = 2.0V 

Input Waveform of AC Test (except CLK, SCK) 

2.4 2.0 2.0 

0.45 0.8 0.8 
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CLOCK 



CLK 



-0CY- 



-* — 0D — *H f"* — 0D" 
0r 0f 



/"lJ^ 



— 3.0 V 
1.0 V 



TIMING WAVEFORMS 



READ OPERATION 



Aq, CS, DACK 



RD 



x 



»AR 



\ 



-tRR- 



/ 



-tRD- 



DB ~7" 



tRA 



X 



*■ t D F ■• 



c 



> 



WRITE OPERATION 



Aq, CS, DACK 



~x 



X 



l AW 



WR' 



\ 



-«ww- 



DB ~7 






-*DW *■ 



/ 



M/VA 



-twD- 



;< 



DMA OPERATION 



DACK 



\ 



/ 



<DACK 



*AM 



>_J \ 



/ 



564 



M PD7720 



TIMING WAVEFORMS 
(CONT.) 



SERIAL TIMING 



r* 'SCY » 



*DZRQ* 



/ 



h'SCKi 



soc 



- — --o; 



<sckH ^sc*" 



^IXVJ^L.^lyTV 



*s\ 



■*-*HZE 
DZSC-»> 



\ 






'DCK-o-J I-*- 



/ 



\ 



-<fSC 
•2 



'drq-*- 



r^'HZSC -• 



- \ > > AuD ' '*-- i [XE3~ 



\ 



- l CD 



y 






Notes: (T) For SO timing, the data at rising edge of SCK is valid and the other data is invalid. In set-up 
hold time of data for SCK, the most strict specifications are the following. 

set-up = t S CK - *DCK 
hold-tHZRQ 
(5) Voltage at measuring point of t rsc and tf sc for SCK timing 
© 3.0V © 1.0V 
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P 


PRODUCT EXAMPLE 
. USING THE MPD7720 . 




SPI 
(FFT) 


















DATA& 
DISPLAY 
CONTROL 




MICROPHONE 


B.F. 




A/D 




"• 


THERMAL 








• . 














LIGHT h 














7 
BANDLIMITING 

FILTER „„,.„.,„,,.. .,.,., wo.oo«otc 


FREQ — ■>- 



PECTRUM ANALYSIS SYSTEM 



AN ANALOG TO 
ANALOG DIGITAL 
PROCESSING SYSTEM 
USING A SINGLE SPI 



ANALOG 
IN 













CLOCK 
















GENERATOR 




' 










\ 








; '' 




SCK 

SI SO 

MPD7720 
3TEFJ SOlfJ 

SORQ 




' 


A/D 




D/A 






^* ' 




















'' 












I/O 












CONTROL 











ANALOG 
OUT 
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PACKAGE DIMENSIONS L» 



36.2 MAX. 



28 15 

nnnnnr-innnnr-inr-in 




15.24 



2 ■■"•■//»- 0.25 ± 0.05 -" 



0-10° 



m 
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/1PD8155 

MPD8155-2 

fiPD8156 

/*PD8156-2 



2048 BIT STATIC MOS RAM WITH 
I/O PORTS AND TIMER 



DESCRIPTION The juPD8155 and/iPD8156 areMPD8085A family components having 256 X 8 Static 
PAM, 3 programmable I/O ports and a programmable timer. They directly interface 
to the multiplexed juPD8085A bus with no external logic. The juPD81 55 has an active 
low chip enable while the /iPD8156 is active high. 



FEATURES • 256 X 8-Bit Static RAM 

• Two Programmable 8-Bit I/O Ports 

• One Programmable 6-Bit I/O Port 

• Single Power Supplies: +5 Volt, ±10% > 

• Directly interfaces to the juPO8085A and juPD8085A-2 

• Available in 40 Pin Plastic Packages 



PIN CONFIGURATION 



PC3C 


1 


w 


40 


DV CC 


PC4C 


2 




39 


DPC 2 


TIMER IN C 


3 




38 


3 PC! 


RESET C 


4 




37 


IJPCO 


PC 5 C 


5 




36 


DPB7 


tlMER OUT C 


6 




35 


Dpb 6 


io/m" C 


7 




34 


Dpb 5 


CE/5I" C 


8 




33 


3PB4 


RD C 


9 




32 


DPB3 


WR C 


10 


/xPD 


31 


DPB2 


ALE C 


11 


8155/ 


30 


3PB1 


ADoC 


12 


8156 


29 


3pb 


AD t C 


13 




28 


3pa 7 


AD 2 C 


14 




27 


3PA 6 


AD3C 


15 




26 


Dpa 5 


AD4C 


16 




25 


3pa 4 


AD5C 


17 




24 


Dpa 3 


AD 6 C 


18 




23 


3pa 2 


AD7C 


19 




22 


Dpai 


vssC 


20 




21 


Dpaq 




•>iPD8155: CE 








MPD8156: CE 
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The a(PD8155 and mPD8156 contain 2048 bits of Static RAM organized as 256 X 8. 
The 256 word memory location may be selected anywhere within the 64K memory 
space by using combinations of the upper 8 bits of address from the MPD8085A as a 
chip select. 

The two general purpose 8-bit ports (PA and PB) may be programmed for input or 
output either in interrupt or status mode. The single 6-bit port (PC) may be used as 
control for PA and PB or general purpose input or output port. The /JPD81 55 and 
MPD8156 are programmed for their system personalities by writing into their 
Command/Status Registers (C/S) upon system initialization. 

The timer is a single 14-bit down counter which is programmable for 4 modes of oper- 
ation; see Timer Section. 



FUNCTIONAL 
DESCRIPTION 



V„„ (+5V) 



AD, - AD 




'7' r "0 



++ p v p eo 



-*—*■ p V PC o 

6 



-»- TIMER OUT 



BLOCK 
DIAGRAM 



V ec (OV) 



Operating Temperature 0°C to +70°C ABSOLUTE MAXIMUM 

Storage Temperature -65°C to +150°C RATINGS* 

Voltage on Any Pin -0.5 to +7 Volts© 

Power Dissipation . 1 .5 W 

Note: (D With Respect to Ground. 
T a = 25° C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


NAME 


1,2,5 
39, 38, 37 


PC3, PC 4 . PC 5 
PC2, PCi, PCo 


Port C 


Used as control for PA and 
PB or as a 6-bit general 
purpose port 


3 


TIMER IN 


Timer Clock In 


Clock input to the 14-bit 
binary down counter 


4 


RESET 


Reset In 


From /iPD8085A system reset 
to set PA, PB, PC to the input 
mode 


6 


TIMER OUT 


Timer Counter Output 


The output of the timer 
function 


7 


IO/M" 


I/O or Memory 
Indicator 


Selects whether operation to 
and from the chip is directed 
to the internal RAM or to 
I/O ports 


8 


CE/CE 


Chip Enable 


Chip Enable Input. Active 
low for /iPD81 55 and 
active high for jiPD8l56 


9 


RD - 


Read Strobe 


Causes Data Read 


10 


Wr 


Write Strobe 


Causes Data Write 


11 


ALE 


Address Low Enable 


Latches low order address 
in when valid 


12-19 


ADo - AD7 


Low Address/Data 


3-State address/data bus 
to interface directly to 
AtPD8085A 


20 


vss 


Ground 


Ground Reference 


21-28 


PAo - PA7 


Port A 


General Purpose I/O Port 


29-36 


PB - PB 7 


Port B 


General Purpose I/O Port 


40 


vcc 


5 Volt Input 


Power Supply 



DC CHARACTERISTICS 



T a = C to +70 C; Vrjc 


= 5V± 10% 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


VlL 


-0.5 




0.8 


V 




Input High Voltage 


V|H 


2.0 




Vcc+0-5 


V 




Output Low Voltage 


vol 






0.45 


V 


lOL "■ 2 mA 


Output High Voltage 


VOH 


2.4 






V 


lOH'^OO^A 


Input Leakage 


IlL 






±10 


*«A 


V|N " V CC to 0V 


Output Leakage Current 


•LO 






±10 


HA 


0.45V < VOUT 
<V C C 


Vqc Supply Current 


ice 






180 


mA 




Chip 

Enable 

Leakage 


JJPD8155 


l|L«CE) 






+100 


fiA 


V|N " VCC to 0V 


AIPD8156 


l|L(CE) 






-100 


HA 
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T a = 0°C to +70°C; Vcc - 5V ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


8156/8166 


8165-2/8166-2 


MIN 


MAX 


MIN 


MAX 


Address to Latch Set Up Tims 


tAL 


50 




30 




ns 


160 pF Load 


Address Hold Time after Letch 


«LA 


80 




30 




ns 


Latch to READ/WRITE Control 


«LC 


100 




40 




ns 


Valid Data Out Delay from READ Control 


<RD 




170 




140 


ns 


Address Stable to Deta Out Valid 


»A0 




400 




330 


ns 


Latch Enable Width 


«LL 


100 




70 




ns 


Data Bus Float After READ 


tRDF 





100 





80 


ns 


READ/WRITE Control to Letch Enable 


<CL 


20 




10 




ns 


READ/WRITE Control Width 


tec 


250 




200 




ns 


Data In to WRITE Set Up Time 


<DW 


150 




100 




ns 


Data In Hold Time After WRITE 


«WD 












ns 


Recovery Time Between Controls 


«RV 


300 




200 




ns 


WRITE to Port Output 


«WP 




400 




300 


ns 


Port Input Setup Time 


'PR 


70 




50 




ns 


Port Input Hold Time 


«RP 


50 




10 




ns 


Strobe to Buffer Full 


<SBF 




400 




300 


ns 


Strobe Width 


tss 


200 




150 




ns 


READ to Buffer Empty 


«RBE 




400 




300 


ns 


Strobe to INTR On 


«SI ' 




400 




300 


ns 


READtolNTROff 


«RDI 




400 




300 


ns 


Port Setup Time to Strobe 


tpss 


50 









ns 


Port Hold Time After Strobe 


tPHS 


120 




100 




ns 


Strobe to Buffer Empty 


«SBE 




400 




300 


ns 


WRITE to Buffer Full 


tWBE 




400 




300 


ns 


WRITE to INTR Off 


»WI 




400 




300 


ns 


TIMER-IN to TTBTfR-OUT Low 


«TL 




400 




300 


ns 


TIMER-IN to TIMER-OUT High 


«TH 




400 




300 


ni 


Data Bus Enable from READ Control 


«RDE 


10 




10 




ns 



AC CHARACTERISTICS 



UiP08i65) 



\ 



f 



\ 



i: 



READ CYCLE 

V 



'^ 



J \ 



£ 



:> — a: 



\ — 1 £ ' 



X 



T 



X 



DATA VALID 



r 



TIMING WAVEFORMS 



Ui»D81M) 



f 
\ 

11 



A X 



WRITE CYCLE 

V 



X 






l^i \\ 






j r 



V 
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TIMING WAVEFORMS 
(CONT.) 



STROBE 



INPUT DATA 
FROM PORT 



OUTPUT DATA 
TO PORT 
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STROBED INPUT MODE 



j: 



v 



««*-tss-*- I * ■ »! 

_> 



TtF 






STROBED OUTPUT MODE 

Jr 




BASIC INPUT MODE 



r 3i3fc 



\ 13r 





BASIC OUTPUT MODE 




WR 


\ 


IWP 
















DATA BUS 


x 


y 












OUTPUT 


' 


X 





TIMER OUTPUT 





COUNTDOWN FROM 3 TO 

•*mm. """sect. 

Mm MAX. 30 M MAX. 

MniMIN. 40euMIN. 

I20i»MIN. 70mMIN. 

TIMER-IN to TIMBft-OUT LOW (TO »E DEFINED) 
TIMER-IN to TIMER-OUT HIGH ITO BE DEFINED). 
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The Command Status Register is an 8-bit register which must be programmed before 
the juPD81 55/81 56 may perform any useful functions. Its purpose is to define the 
mode of operation for the three ports and the timer. Programming of the device may 
be accomplished by writing to I/O address XXXXX000 (X denotes don't care) with a 
specific bit pattern. Reading of the Command Status Register can be accomplished by 
performing an I/O read operation at address XXXXX000. The pattern returned will 
be a 7-bit status report of PA, PB and the Timer. The bit patterns for the Command 
Status Register are defined as follows: 

COMMAND STATUS WRITE 



COMMAND STATUS 
REGISTER 



TM2 


TM1 


IEB 


IEA 


PC2 


PC! 


PB 


PA 



where: 



TM2-TM1 


Define Timer Mode 


IEB 


Enable Port B Interrupt 


IEA 


Enable Port A Interrupt 


PC2-PC1 


Define Port C Mode 


PB/PA 


Define Port B/A as In or Out (D 



The Timer mode of operation is programmed as follows during command status write: 



TM2 


TM1 


TIMER MODE 








Don't Affect Timer Operation 





1 


Stop Timer Counting 


1 





Stop Counting after TC 


1 


1 


Start Timer Operation 



Interrupt enable status is programmed as follows: 



IEB/IEA 


INTERRUPT ENABLE PORT B/A 





No 


1 


Yes 



Port C may be placed in four possible modes of operation as outlined below. The modes 
are selected during command status write as follows: 



PC 2 


PC1 


PORT C MOOE 








ALT1 





1 


ALT 3 


1 





ALT 4 


1 


1 


ALT 2 



The function of each pin of port C in the four possible modes is outlined as follows: 



PIN 


ALT1 


ALT 2 


ALTS® 


ALT 4 <2> 


PCO 


IN 


OUT 


AINTR 


AINTR 


PC1 


IN 


OUT 


ABF 


ABF 


PC2 


IN 


OUT 


A STB 


ASTB . 


PC3 


IN 


OUT 


OUT 


BINTR 


PC4 


IN 


OUT 


OUT 


BBF 


PCS 


IN 


OUT 


OUT 


BSTB 



Notts: (D PB/PA Sets Port B/A Mode: ■ Input; 1 - Output 

® In ALT 3 and ALT 4 mode the control signals are initialized as follows: 
CONTROL INPUT OUTPUT 

STB (Input Strobe) Input Control Input Control 

INTR (Interrupt Request) Low High 

BF (Buffer Full) Low Low 
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COMMAND STATUS 
REGISTER (CONT.) 



COMMAND STATUS READ 



X 


Tl 


INTE 
B 


B 
BF 


INTR 
B 


INTE 
A 


A 
BF 


INTR 
A 



Where the function of each bit is as follows: 



Tl 


Defines a Timer Interrupt. Latched high at TC and 
reset after reading the CS register or starting a new 
count, or reset. 


INTE B/A 


Defines If Port B/A Interrupt is Enabled. 
High = enabled. 


B/A BF 


Defines If Port B/A Buffer is Full-Input Mode or 
Empty-Output Mode. High = active. 


INTR B/A 


Port B/A Interrupt Request. High = active. 



The programming address summary for the status, ports, and timer are as follows: 



I/O Address 


Number of Bits 


Function 


XXXXXOOO 


8 


Command Status 


XXXXX001 


8 


PA 


XXXXX010 


8 


PB 


XXXXX011 


6 


PC 


XXXXX100 


8 


Timer- Low 


XXXXX101 


8 


Timer-High 



TIMER The Internal Timer is a 14-bit binary down counter capable of operating in 4 modes. Its 
desired mode of operation is programmable at any time during operation. Any TTL 
clock meeting timer in requirements (See AC Characteristics) may be used as a time 
base and fed to the timer input. The timer output may be looped around and cause an 
interrupt or used as I/O control. The operational modes are defined as follows and 
programmed along with the 6 high bits of timer data. 



M2 


M1 


Operation 








High at Start, Low During Second Half of Count 





1 


Square Wave 

(Period = Count Length, Auto Reload at TC) 


1 





Single Pulse at TC 


1 


1 


Single Pulse at TC with Auto Reload 
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Programming the timer requires two words to be written to the /iPD81 55/81 56 at I/O 
address XXXXX100 and XXXXX101 for the low and high order bytes respectively. 
Valid count length must be between 2h and 3FFF|-|. The bit assignments for the high 
and low programming words are as follows: 

I/O Address 



Word 






Bit Pattern 








High Byte 


M2 


Mi 


T13 


T12 


T11 


T10 


T9 


T8 












Low Byte 


T7 


T6 


T5 


T4 


T3 


T2 


T1 


TO 



XXXXX100 



TIMER (CONT. 



The control of the timer is performed by TM2 and TM1 of the Command Status Word. 

Note that counting will be stopped by a hardware reset and a START command 
must be issued via the Command Status Register to begin counting. A new mode 
and/or count length can be loaded while counter is counting, but will not be 
used until a START command is issued. 



NONSYNCHRONOUS 

TIMER 

INPUT 




TO 8165/8156 TIMER INPUT 



SYSTEM CLOCK 
FROM8085A 
CLK OUT 

When using the timer of the 8155/8156 care must be taken if the timer input is an 
external, nonsynchronous event. To sync this signal to the system clock the flip-flop 
shown should be used. 




PACKAGE OUTLINE 

MPD8155C 

AiPD8156C 



Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 ± 0.1 


0.10 1 0.004 


D 


0.5 ±0.1 


0.019 ± 0.004 


E 


48.26 


1.9 


F 


1.2 MIN 


0.047 MIN 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.019 MIN 


I 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 


L 


13.2 


0.520 


M 


+ 0.1 
- 0.05 


+ 0.004 

0.010 nnnn 

- 0.002 
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NEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 

EIGHT-BIT INPUT/OUTPUT PORT 



pPB8212 



DESCRIPTION The /UPB8212 input/output port consists of an 8-bit latch with three-state output 

buffers along with control and device selection logic. Also included is a service request 
flip-flop for the control and generation of interrupts to the microprocessor. 

The device is multimode in nature and can be used to implement latches, gated buffers 
or multiplexers. Thus, all of the principal peripheral and input/output functions of a 
microcomputer system can be implemented with this device. 



FEATURES 



Fully Parallel 8-Bit Data Register and Buffer 

Service Request Flip-Flop for Interrupt Generation 

Low Input Load Current - 0.25 mA Max 

Three State Outputs 

Outputs Sink 15 mA 

3.65V Output High Voltage for Direct Interface to 8080A Processor 

Asynchronous Register Clear 

Replaces Buffers, Latches and Multiplexers in Microcomputer Systems 

Reduces System Package Count 

Available in 24-pin Plastic and Cerdip Packages 



PIN CONFIGURATION ss 



dstC 


1 


■ — \y 


24 


Dv cc 


mdC 


2 




23 


Dint 


DhC 


3 




22 


3di 8 


dcmc 


4 




21 


Ddo 8 


DI 2 C 


5 




20 


ZJoiy 


DO2C 
DI3C 


6 

7 


mpb 

8212 


19 
18 


D D °7 
3 Dl 6 


DO3C 


8 




17 


3 do 6 


DI4C 


9 




16 


3 D '5 


DO4C 


10 




15 


3 do 5 


STB C 


11 




14 


"J CLR 


GND C 


12 




13 


3DS 2 





PIN NAMES 


Dll -Dl 8 


Data In 


DO1 - D0 8 


Data Out 


DSi,DS 2 


Device Select 


MD 


Mode 


STB 


Strobe 


TnT 


Interrupt (Active Low) 


CLB 


Clear (Active Low) 
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SERVICE REQUEST FF 



DEVICE SELECTION 
\ 
DS 2 (g) 1 J 



YX> 



MD @— 
STB @— 



\ 




£j>n 



tI>^ 



r 



©- 



OATA LATCH 



©- 



0- 



©- 



©- 



®~ 



®~ 



®- 



RESET DRIVER 



CLR @- 



IACTIVE LOW} 



-V 



(ACTIVE LOWI 



~l 

I OUTI 






I i. 



STB 


MD 


(B5i ■ DS 2 ) 


DATA OUT 
EQUALS 











Three-State 


1 








Three-State 





1 





Data Latch 


1 


1 





Data Latch 








1 


Data Latch 


1 





1 


Data In 





1 


1 


Data In 


1 


1 


1 


Data In 



(DSi • DS2> 



SR® 



@ 



BLOCK DIAGRAM 



Notes: (T) CLR resets data latch sets SR flip-flop. (No effect on output buffer) 
<2) Internal SR flip-flop 
(3) Previous data remains 



Operating Temperature C to +70 C 

Storage Temperature — 65° C to +150°C 

All Output or Supply Voltages -0.5 to +7 Volts 

All Input Voltages -1.0 to +5.5 Volts 

Output Currents 125 mA 

T a = 25°C 

♦COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification Is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 
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DC CHARACTERISTICS 



T a - 0°C to 70°C; VCC - +5V ± 5% 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


MAX 


Input Load Current STB, DS2, 
CLR, DI1 - Dl8 Inputs 


IIL1 




-0.25 


mA 


Vf = 0.45V , 


Input Load Current MD Input 


IIL2 




-0.75 


mA 


V(= = 0.45V 


Input Load Current DSi Input 


IIL3 




-1.0 


mA 


VF - 0.45V 


Input Leakage Current STB 
DS, CLR, DI1 - Dl8 Inputs 


IIH1 




10 


*iA 


Vr - 5.25V 


Input Leakage Current MD 
Input 


IIH2 




30 


MA 


Vr ' 5.25V 


Input Leakage Current D~3i 
Input 


: , 1 1 H3 




40 


/"A 


Vr - 5.25V 


Input Forward Voltage Clamp 


v c 




,-1.0 


V 


IC 3 -5 mA 


Input "Low" Voltage 


V(L 




0.85 


V 




Input "High" Voltage 


• V| H 


2.0 




V 




Output "Low" Voltage 


vol 




0.48 


V 


lOL " "> mA 


Output "High" Voltage 


VOH 


3.65 




V 


lOH * -1 m A 


Short Circuit Output Current 


l05 


-15 


-75 


mA 


Vo - 0V Vcc " 5V 


Output Leakage Current High 
Impedance State DOq, - DOs 


'0, 




20 


M 


Vo ■ 0.45V /5.25V 


Power Supply Current 


ice 




130 


mA 





CAPACITANCE © T a = 25°C; Vcc = +5V; VeiAS = 2.5V; f = 1 MHz 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


MAX 


Input Capacitance 


C| N 




12 


PF 


DSi,MD 


Input Capacitance 


Cim 




9 


pF 


DS2, CLR, STB, Dh-Dls 


Output Capacitance 


COUT 




12 


pF 


DOi - DOS 



Note: © This parameter is periodically sampled and not 100% tested 



AC CHARACTERISTICS T a = 0°C to +70°C; V C c ■ +5V * 5% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


MAX 


Pulse Width 


tpw 


30 




ns 


Input Pulse 
Amplitude = 2.5V 

Input Rise and Fall 
Times = 5 ns 

Between 1 V and 2V 
Measurement made 
at 1.5V with 15 mA 


Data To Output Delay 


tpd 




30 


ns 


Write Enable To Output Delay 


twe 




40 


ns 


Data Setup Time 


t se t 


15 




ns 


Data Hold Time 


th 


20 




ns 


Reset to Output Delay 


tr 




40 


ns ' 


Set To Output Delay 


ts 




30 


ns 


Output Enable/Disable Time 


te/td 




45 


ns 


_r-i and 30 pF 
^ 1 Test Load 


Clear To Output Delay 


t C :. ■■■ 




55 


ns 






Notes: © Ri = 300ft/10Kfi; R2 = 600f2/1Kft 
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Data Latch FUNCTIONAL DESCRIPTION 

The 8 flip-flops that compose the data latch are of a "D" type design. The output (Q) 

of the flip-flop follows the data input (D) while the clock input (C) is high. Latching 

occurs when the clock (C) returns low. 

The data latch is cleared by an asynchronous reset input (CLR). 

(Note: Clock (C) Overrides Reset (CLR).) 

Output Buffer 

The outputs of the data latch (Q) are connected to three-state, non-inverting output 
buffers. These buffers have a common control line (EN); enabling the buffer to trans- 
mit the data from the outputs of the data latch (Q) or disabling the buffer, forcing the 
output into a high impedance state (three-state). 

This high-impedance state allows the designer to connect the fiPB8212 directly to the 
microprocessor bi-directional data bus. 

Control Logic 

The UPB8212 has four control inputs: DSi, DS2, MD and STB. These inputs are 
employed to control device selection, data latching, output buffer state and the 
service request flip-flop. 

E»Si, DS2 (Device Select) 

These two inputs are employed for device selection. When D"§1 is low and DS2 is high 
(DSi * DS2) the device is selected. In the selected state the output buffer is enabled and 
the service request flip-flop (SR) is asynchronously set. 

Service Request Flip-Flop (SR) 

The (SR) flip-flop is employed to gener ate an d control interrupts in microcomputer 
systems. It is asynchronously set by the CLR input (active low). When the (SR) flip- 
flop is set it is in the non-interrupting state. 

The output (Q) of the (SR) flip-flop is connected to an inverting input of a "NOR" 
gate. The other input of the "NOR" gate is non-inverting and is connected to the 
device selection logic (5§1 • DS2). The output of the "NOR" gate (INT) is active 
low (interrupting state) for connection to active low input priority generating circuits. 

MD(Mode) 

This input is employed to control the state of the output buffer and to determine the 

source of the clock input (C) to the data latch. 

When MD is in the output mode (high) the output buffers are enabled and the source 

of clock (C) to the data latch is from the device selection logic (DSi * DS2). 

When MD is in the input mode (low) the output buffer state is determined by the 

device selection logic (DSi * DS2) and the source of clock (C) to the data latch is 

the STB (Strobe) input. 

STB (Strobe) 

STB is employed as the clock (C) to the data latch for the input mode (MD = 0) and 

to synchronously reset the service request flip-flop (SR). 

Note that the SR flip-flop triggers on the negative edge of STB which overrides CLR. 
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TIMING WAVEFORMS 



V C C 



TO 

D.U.T "! 

(T) 30 pF i 

Note: (j) Including Jig and Probe Capacitance 
TEST CIRCUIT 



^C 



STB or OS, • OS, 



" ; V 

m i.sv 



_^l, 

vM__ 



'/ 



U*-*E— j(T) 



A 



^t vsv 
_U-^o-^ 



^== 



JE 



T- Vo 



\ t 



u 



^ 



STB of OS, •OS- 



ES, OS] 



* 



U'pd-H 

■>l / ■ 



^v 



U-*.-*l 



Now: (j) Alttrnstlw Tttt Load 



u,> 



4--- 



ym — Vw ■ I "■■ I 



jf\*v 
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PACKAGE OUTLINE 
//PB8212C 




(PLASTIC) 



ITEM 


MILLIMETERS 


INCHES 


A 


33 MAX 


1.3 MAX 


El 


2.53 


0.1 


C 


2.54 


0.1 





0.5 i 0.1 


0.02 t 0.004 


E 


27,94 


1.1 


F 


1.5 


0.059 


G 


2.54 MIN 


0.1 MIN 


H 


0.5 MIN 


0.02 MIN 


I 


5.22 MAX 


0.205 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.6 


I. 


13.2 


0.52 


M 


+0.10 

026 nnc 
-0.05 


„ ., +0.004 
0.01 

-0.0019 



MPB8212D' 




(CERDIP) 



ITEM 


MILLIMETERS 


INCHES 


A 


33.5 MAX 


1.32 MAX 


B 


2.78 


0.11 


C 


2.54 


0.1 


D 


0.46 


0.018 


E 


27.94 


1.1 


F 


1.5 


0.059 


G . 


2.54 MIN 


0.1 MIN 


H 


0.6 MIN 


0.019 MIN 


I 


4.58 MAX 


0.181 Max 


J 


5.08 MAX 


0.2 MAX 


K 


15.24 


0.6 


L 


13.5 


0.53 


M 


"CS 


-0.002 
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PRIORITY INTERRUPT CONTROLLER 



DESCRIPTION The juPB8214 is an eight-level priority interrupt controller. Designed to simplify 

interrupt driven microcomputer systems, the/xPB8214 requires a single +5V power 
supply and is packaged in a 24 pin plastic Dual-in-line package. 

The /uPB82 14 accepts up to eight interrupts, determines which has the highest priority 
and then compares that priority with a software created current status register. If the 
incoming requires is of a higher priority than the interrupt currently being serviced, an 
interrupt request to the processor is generated. Vector information that identifies the 
interrupting device is also generated. 

The interrupt structure of the microcomputer system can be expanded beyond eight 
interrupt levels by cascading /iPB82 14s. The/zPB8214's interrupt and vector informa- 
tion outputs are open collector and control signals are provided to simplify expansion 
of the interrupt structure. 



FEATURES • Eight Priority Levels 

• Current Status Register and Priority Comparator 

• Easily Expanded Interrupt Structure 

• Single +5 Volt Supply 



PIN CONFIGURATION sr 




elrC 
gndC 



PIN NAMES 



Inputs: 


*V^ 


Request Levels (R^ Highest Priority) 


B 0- B 2 


Current Status 


SGS 


Status Group Select 


EC5 


Enable Current Status 


INTE 


Interrupt Enable 


CUR 


Clock IINTF-F) 


ELF! 


Enable Level Read 


ETLG 


Enable This Level Group 


Outputs: 


a -a 2 


Request Levels 


Open 
Collector 


INT 


Interrupt (Act. Low) 


ENLG 


Enable Next Level Group 
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REQUEST ACTIVITY 



R o©— O' 

R~i (iii) — o 

v PRIORITY 

R 2 Qj) O ENCODER 

rr-/-\ - AND 

«3© REQUEST 

R4^9)— C LATCH 

FV© 

R6 

R7© 



B o U 



CURRENT 
_ STATUS 

B 2 (5) O REGISTER 

SGS0— Ol y 

ECSfJ!? 



r 



-3> 




BLOCK DIAGRAM 



(OPEN COLLECTOR) 

(s) aq 



O — ®*i 



:a> 



^H 



PRIORITY 
COMPARATOR 



INTERRUPT 
DISABLE 
FLIP-FLOP 



INTE(T)- 
CLK (6)- 



Q — [>0-»(^)iWT 



(OPEN 
COLLECTOR) 



INTERRUPT 
FLIP-FLOP 



Operating Temperature 0°Cto+70°C ABSOLUTE MAXIMUM 

Storage Temperature -65° C to +150°C RATINGS* 

All Output and Supply Voltages -0.5 to +7 Volts 

All Input Voltages . . -1.0 to +5.5 Volts 

Output Currents 100 mA 



T a = 25 C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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DC CHAR ACTE R ISTICS T a = 0°C to +70°C, Vcc = 5V ± 5% 



CAPACITANCE @ 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


MAX 


Input Clamp Voltage (all inputs) 


v c 




-1.0 


V 


IC= 5mA 


Input Forward Current: ETLG input 

all other inputs 


if 




-0.5 


mA 


Vf=0.45V 


if 




0.25 


mA 


Input Reverse Current: ETLG input 

all other inputs 


ir 




80 


/M 


Vr=5.25V 


lR 




40 


uA 


Input LOW Voltage: all inputs 


V|L 




0.8 


V 


V C C=5.0V 


Input HIGH Voltage: all inputs 


V,H 


2.0 




V 


Vcc=5.0V 


Power Supply Current 


ice 




130 


mA 


© 


Output LOW Voltage: all outputs 


vol 




.45 


V 


IOL = 10rnA 


Output HIGH Voltage: ENLG output 


V H 


2.4 




V 


IOH = -1mA 


Short Circuit Output Current: ENLG output 


•os 


-20 


-55 


mA 


V O S=0V, VCC=5.0V 


Output Leakage Current: INT and Aq-AJ 


ICEX 




100 


KA 


VCEX=5.25V 



25° C 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


MAX 


Input Capacitance 


C|N 




10 


pF 


V B |AS=2.5V 

V C C=5V 

f=1mHz 


Output Capacitance 


COUT 




12 


pF 



AC CHARACTERISTICS T a = 0°C to +70°C, Vcc = +5V ± 5% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


MAX 


CLK Cycle Time 


tCY 


80 




ns 


Input pulse 
amplitude: 2.5 Volts 

Input rise and fall 
times: 5 ns between 
1 and 2 Volts 

Output loading of 
15 mA and 30 pF. 

Speed measurements 
taken at the 1 .5 Volts 
levels. 


CLK, ECS, INT Pulse Width 


tPW 


25 




ns 


INTE Setup Time to CLK 


tISS 


16 




ns 


INTE Hold Time after CLK 


tISH 


20 




ns 


ETLG Setup Time to CLK 


tETCS© 


25 




ns 


ETLG Hold Time After CLK 


tETCH © 


20 




ns 


ECS Setup Time to CLK 


tECCS ® 


80 




ns 


ECS Hold Time After CLK 


tECCH© 







ns 


ECS Setup Time to CLK 


tECRS©' 


110 




ns 


ECS Hold Time After CLK 


tECRH® 









ECS Setup Time to CLK 


tECSS® 


75 




ns 


ECS Hold Time After CLK 


tECSH© 







ns 


SGS andTTo-B^ Setup Time to CLK 


tDCS© 


70 




ns 


SGS and B0-B2 Hold Time After CLK 


tDCH© 







ns 


R0-R7 Setup Time to CLK 


tRCS® 


90 




ns 


R0-R7 Hold Time After CLK 


tRCH© 







ns 


TRY Setup Time to CLK 


tics 


55 




ns 


CLK to INT Propagation Delay 


tci 




25 


ns 


R0-R7 Setup Time to INT 


tRIS© 


10 




ns 


R0-R7 Hold Time After INT 


tRIH© 


35 




ns 


R0-R7 to A0-A2 Propagation Delay 


tRA 




100 


ns 


ELR to A0-A2 Propagation Delay 


tELA 




55 


ns 


ECS to A0-A2 Propagation Delay 


tECA 




120 


ns 


ETLG to A(j-A~2 Propagation Delay 


tETA 




70 


ns 


SG"s and 60-B2 Setup Time to EC5 


tDECS© 


15 




ns 


SGS and Bo-T^ Hold Time After ^ 


tDECH© 


15 




ns 


TC0-R7 to ENLG Propagation Delay 


tREN 




70 


ns 


ELTG to ENLG Propagation Delay 


tETEN 




25 


ns 


ECS to ENLG Propagation Delay 


tECRN 




90 


ns 


ECS to ENLG Propagation Delay 


tECSN 




55 


ns 



m 



Notes: (T) B"o~— B^, SGS, CLK, Wq— R4 grounded, all other inputs and all outputs 
open. 

(2) This parameter is not 1 00% tested. 

(3) Required for proper operation if INTE is enabled during next clock pulse. 
(a) These times are not required for proper operation but for desired 

change in interrupt flip-flop. 
(§) Required for new request or status to be properly loaded. 
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fiPB8214 

General FUNCTIONAL 

The ^PB8214 is an LSI device designed to simplify the circuitry required to DESCRIPTION 

implement an interrupt driven microcomputer system. Up to eight interrupting 

devices can be connected to a/iPB8214, which will assign priority to incoming 

interrupt requests and accept the highest. It will also compare the priority of the 

highest incoming request with the priority of the interrupt being serviced. If the 

serviced interrupt has a higher priority, the incoming request will not be accepted. 

A system with more than eight interrupting devices can be implemented by inter- 
connecting additional juPB8214s. In order to facilitate this expansion, control 
signals are provided for cascading the controllers so that there is a priority estab- 
lished among the controllers. In addition, the interrupt and vector information 
outputs are open collector. 

Priority Encoder and Request Latch 

The priority encoder portion of the juPB8214 accepts up to eight active low 
interrupt requests (Rq— R7). The circuit assigns priority to the incoming requests, 
with R7 having the highest priority and Rq, the lowest. If two or more requests, 
occur simultaneously, the //PB8214 accepts the one having the highest priority. 
Once an incoming interrupt request is accepted, it is stored by the request latch and 
a three-bit code is output. As shown in the following table, the outputs, (A"q— A"^) 
are the complement of the request level (modulo 8) and directly correspond to the 
bit pattern required to generate the one byte RESTART (RST) instructions 
recognized by an 8080A. Simultaneously with the Aq— A2 outputs, a system 
interrupt request (INT) is output by the jxPB8214. It should be noted that incoming 
interrupt requests that are not accepted are not latched and must remain as an 
input to the juPB8214 in order to be serviced. 



Interrupt Control Circuitry 

The juPB8214 contains two flip-flops and several gates which determine whether an 
accepted interrupt request to the MPB8214 will generate a system interrupt to the 
8080A. A condition gate drives the D input of the interrupt flip-flop whenever an 
interrupt request has been completely accepted. This requires that: the ETLG 
(Enable This Level Group) and INTE (Interrupt Enable) inputs to the juPB8214 are 
high; the ELR input is low; the incoming request must be of a higher priority than 
the contents of the current status register; and the /uPB8214 must have been enabled 
to accept interrupt.requests by the clearing of the interrupt disable flip-flop. 

Once the condition gate drives the D input of the interrupt flip-flop high, a system 
interrupt (INT) to the 8080A is generated on the next rising edge of the CLK input 
to the juPB8214. This CLK input is typically connected to the 02 (TTL) output of an 
8224 so that 8080A set-up time specifications are met. When INT is generated, it 
sets the interrupt disable flip-flop so that no additional system interrupts will be 
generated until it is reset. It is reset by driving ECS (Enable Current Status) low, 
thereby writing into the current status register. 

It should be noted that the open collector INT output from the juPB8214 is active 
for only one clock period and thus must be externally latched for inputting to the 
8080A. Also, because the INT output is open collector, when piPB82l4's are 
cascaded, an INT output from any one will set all of the interrupt disable flip- 
flops in the array. Each jiPB8214's interrupt disable flip-flop must then be 
cleared individually in order to generate subsequent system interrupts. 
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FUNCTIONAL 

DESCRIPTION 

(CONT.) 



RESTART GENERATION TABLE 



fiPB8214 









RST 


D 7 D 6 D 5 D 4 D3 D 2 D, D 


PRIORITY 
REQUEST 


1 


1 


*5 


AT 


A? 




1 




LOWEST 


«0 


7 


1 


1 


1 


1 


1 




1 








"l 


6 


1 


1 


1 


1 







1 




F 2 


6 


1 


1 


1 





1 




1 




"3 


4 


1 


1 


,1 










1 




^ 


3 


1 


1 





1 


1 




1 




«" s 


2 


1 


i 





1 







1 




«5 


1 


1 


1 








1 




1 




HIGHEST 


K~7 


0* 


.-..1. 


1 













1 





RST Q will vector the program counter to location (zero) and 
invoke the same routine as the "RESET" input to 8080A. 



Current Status Register 

The current status register is designed to prevent an incoming interrupt request from 
overriding the servicing of an interrupt with higher priority. Via software, the priority 
level of the interrupt being serviced by the microprocessor is written into the current 
status register on Bg— B^. The bit pattern written should be the complement of the 
interrupt level. 

The interrupt level currently being serviced is written into the current status register 
by driving ECS (Enable Current Status) low. The AtPB82l4 will only accept interrupts 
with a higher priority than the value contained by the current status register. Note 
that tlhe programmer is free to use the current status register for other than as above. 
Other levels may be written into it. The comparison may be completely disabled by 
driving SGS (Status Group Select) low when ECS is driven low. This will cause the 
/*PB8214 to accept incoming interrupts only on the basis of their priority to each 
other. 

Priority Comparator 

The priority comparator circuitry compares the level of the interrupt accepted by the 
priority encoder and request latch with the contents of the current status register. 
If the incom ing r equest has a priority level higher than that of the current status 
register, the INT output is enabled. Note that this comparison can be disabled by 
loading the current status register with §35=0. 

Expansion Control Signals 

A microcomputer design may often require more than eight different interrupts. The 
juPB8214 is designed so that interrupt system expansion is easily performed via the 
use of three signa ls: ETLG (Enable This Level Group); ENLG (Enable Next Level 
Group); and ELR (Enable Level Read). A high input to ETLG indicates that the 
juPB8214 may accept an interrupt. In a typical system, the "ENLG output from one 
juPB8214 is connected to the ETLG input of another acPB82 14, etc. The ETLG of 
the juPB8214 with the highest priority is tied high. This configuration sets up 
priority among the cascaded /iPB8214's. The ENLG output will be high for any 
device that does not have an inter rupt pending, thereby allowing a device with lower 
priority to accept interrupts. The ELR input is basically a chip enable and allows 
hardware or software to selectively disable/enable individual juPB8214's. A low on 
the ELR input enables the device. 
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§55. 



R()R7 




^ 




1 * 






<RCS 


JRCH^ 1 iris 


'RIH I 










'" 


"I 


ETLG 


ID 


c 


* 










'ETCS 


<etcn| 






INTE 




— vjt 










t 


■■■■J 

|<ocs 


LjOCH 




«]C 














'DfC» fc 


«« 






1 *KM iKtHi 










t 




* "1 


BB "~\ 




' 




^i 


/ 


:h 'cv 


/ 




<ec«s 


J. 








•ECCS ^ 


■* H'EC( 




Cue 








'ECRN 


_'PW^ __ lei 


'ICS 






m 






INT 








J 


If £ 












1 


ELR 








^ 


£ 






•ECA 


'RA 


'El 


rA ■ 1 










— 


S| 


* ' E -i£— 1 


A5S5 


_ 'ECSN 




^ * 


X 




* 






:TEN 








— 'REN 






ENLG 




r 











TIMING WAVEFORMS 



'cc 

300SI 



OUTo- 



±30pf J600U 



TEST CIRCUIT 

8080A DATA BUS 




ENABLE 

CURRENT 

STATUS 

(FROM I/O PORT DECODER) 



TYPICAL MPB8214 
CIRCUITRY 
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PACKAGE OUTLINE 
MPB8214C 





•-»*• 



ITEM 


MILLIMETERS 


INCHES 


A 


33 MAX 


1.2S 


B 


2.53 


0.1 


C 


2.54 


0.1 


D 


O.S±0.1 


0.02 ±0.004 


E 


27.94 


1.1 


F 


1.5 


0.059 


G 


3.2 MIN 


0.125 MIN 


H 


0.5 MIN 


0.02 MIN 


1 


5.22 MAX 


0.205 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.6 


L 


13.2 


0.52 


M 


0.25 ±0.1 


0.01 ±0.004 
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pPB8216 
*iPB8226 



4-BIT PARALLEL BIDIRECTIONAL 
BUS DRIVER 



DESCRIPTION All inputs are low power TTL compatible. For driving MOS, the DO outputs provide 
a high 3.65V (VohK anc ' f° r high capacitance terminated bus structures, the DB 
outputs provide a high 55 mA (IqU capability. 



FEATURES • Data Bus Buffer Driver foriuCOM-8 Microprocessor Family 

• Low Input Load Current — 0.25 mA Maximum 

• High Output Drive Capability for Driving System Data Bus 

• 3.65V Output High Voltage for 1 Direct Interface to mCOM-8 Microprocessor 
Family 

• Three State Outputs 

• Reduces System Package Count 

• Available in 16-pin packages: Cerdip and Plastic 



PIN CONFIGURATION 




PIN NAMES 



JDB DBj 
Dl - DI3 


Data Bus Bi Direclio 


al 


Data Input 


OO - DO3 




Data Output 




DIEN 


Data in Enable Oirec 


ion Control 


re 


Chip Select 






Rev/3 
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M PB821 6/8226 



Microprocessors like the /jPD8080A are MOS devices and are generally capable of 
driving a single TTL load. This also applies to MOS memory devices. This type of drive 
is sufficient for small systems with a few components, but often it is necessary to 
buffer the microprocessor and memories when adding components or expanding to a 
multi-board system. 

The juPD821 6/8226 is a four bit bi-directional bus driver specifically designed to buffer 
microcomputer system components. 

Bi-Directional Driver 

Each buffered line of the four bit driver consists of two separate buffers. They are 
three state in nature to achieve direct bus interface and bi-directional capability. On 
one side of the driver the output of one buffer and the input of another are tied 
together (DB), this is used to interface to the system side components such as mem- 
ories, I/O, etc. Its interface is directly TTL compatible and it has high drive (55 mA). 
For maximum flexibility on the other side of the driver the inputs and outputs are 
separate. They can be tied together so that the driver can be used to buffer a true 
bi-directional bus such as the 8Q80A Data Bus. The DO outputs on this side of the 
driver have a special high voltage output drive capability (3.65V) so that direct inter- 
face to the 8080 A processor is achieved with an adequate amount of noise immunity 
(650 mV worst case). 

Control Gating CS, DIEN 

The CS input is used for device selection. When CS is "high" the output drivers are 
all forced to their high-impedance state. When it is "low" the device is selected 
(enabled) and the data flow direction is determined by the DIEN input. 

The DIEN input controls the data flow direction (see Block'Diagrams for complete 
truth table). This directional control is accomplished by forcing one Of the pair of 
buffers to its high impedance state. This allows the other to transmit its data. This is 
accomplished by a simple two gate circuit. 

The /xPB821 6/8226 is a device that will reduce component count in microcomputer 
systems and at the same time enhance noise immunity to assure reliable, high 
performance operation. 



FUNCTIONAL 
DESCRIPTION 



Dl o- 

DO q- 



DO r O 



Dl 2 0- 
D0 2 O- 

DI3O- 
O0 0- 



DIENO- 



8216 



2=P 



-QDB, 



-ODB. 



-ODB 2 



-ODB, 



-OCS 



Dl o- 

DO o- 



Dl.,0- 



00,0 



Dl 2 0- 
D0 2 0- 

Dl 3 0- 
D0,O- 



-=5j- 



8226 



& 



^ 



4G=- 



^ 



^ 



DI30 £>o 1 

D0 3 O (KJ ■ 

- ft— i^ 

DIENO • 1 



-ODB- 



-ocs 



BLOCK DIAGRAMS 





C5 


RESULT 


DIEN 








Dl ->DB 


1 





DB -00 





1 


\High Impedance 


1 


1 
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AbSOLUTE MAXIMUM 
RATINGS* 



/iPB821 6/8226 

Operating Temperature , . rj°C to 70°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5 to +7 Volts 

All Input Voltages -1.0 to +5.5 Volts 

Output Currents 125 mA 



ia 



25"C 



DC CHARACTERISTICS 



CAPACITANCE © 



*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



T a = 0"C to +70"C, Vcc 


= +5V<5% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST.CONDITIONS 


MIN 


TYP® 


MAX 


Input Load Current 
D"TFR CS 


lF1 






-0.5 


mA 


Vf = 0.45 


Input Load Current All 
Other Inputs 


'F2 






-0.25* 


mA 


Vp = 0.45 


Input Leakage Current 
DTE"N, cs 


IR1 






20 


uA 


Vr = 5.25V 


Input Leakage Current 
Dl Inputs 


IR2 






10 


HA 


V R = 5.25V 


Input Forward Voltage 
Clamp 


v c 






-1.0 


V 


'C = — 5 m A 


Input "Low" Voltage 


VlL 






0.95 


V 




Input "High" Voltage 


V| H 


2.0 






V 




Output Leakage Current 
(3-State) 


DO 


"O 






20 


uA 


Vo - 0.45/5.25V 


DB 


'0 






100 


Power Supply Current 


8216 


!CC 






130 


mA 




8226 


ice 






120 


mA 




Output "Low" Voltage 


V0L1 






0.48 


V 


DO Outputs Iol = 1 5 mA 
DB Outputs lOL = 25 mA 


Output "Low" Voltage 


8216 


VOL2 






0.7 


V 


DB Outputs Iol = 55 mA 


8226 


VOL2 






0.7 


V 


DB Outputs lOH = 50 mA 


Output "High" Voltage 


VOH1 


3.6d 






V 


DO Outputs lOH = - 1 mA 


Output "High" Voltage 


V0H2 


2.4 






V 


DB Outputs lOH = -10 mA 


Output Short Circuit 


•OS 


-15 




-65 


mA 


DO Outputs Vo = 0V 


Current 




'OS 


-30 




-120 


mA 


DB Outputs Vcc = 5.0V 



Note: CD Typical values are for T a = 25°C, Vcc = 5.0V. 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C|N 






8 


pF 


V B IAS = 2.5V 

V C C = 5V 
T a = 25° C 

f = 1 MHz 


Output Capacitance 


COUT1 






10© 


pF 


Output Capacitance 


CQUT2 






18® 


PF 




Notes: © This parameter is not 100% tested. 
© DO Output. 
(3) DB Output. 
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fiPB821 6/8226 



T a = 0°C to +70°C; Vcc 


= +5V±5% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP© 


MAX 


Input to Output Delay 
DO Outputs 




tPD1 






25 


ns 


CL = 30pF, Ri = 300ft, 
R2 = 600ft @ 


Input to Output Delay 
DB Outputs 


8216 


tPD2 






30 


ns 


Ct = 300pF, Ri = 90ft, 
R 2 = 180ft 4 


8226 


tPD2 






25 


ns 


Output Enable Time 


8216 


tE 






65 


ns 


@ © 


8226 


tE 






54 


ns 


Output Disable Time 




tD 






35. 


ns 


® © 



AC CHARACTERISTICS 



Notes: © Typical values are for T a = 25° C, Vcc = 5.0V 

Q) DO Outputs, Cl = 30 pF, Rt = 300/10 Kft, R 2 = 600/1 Kft, 

DB Outputs, Cl = 300 pF, Ri = 90/10 Kft, R 2 = 180/1 Kft. 
® DO Outputs, Cl = 5 pF, Ri = 300/10 Kft, R 2 = 600/1 Kft, 

DB Outputs, Cl = 5 pF, Ri, = 90/10 Kft, R 2 = 180/1 Kft. 
@ Input pulse amplitude: 2.5V 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 



TEST CIRCUIT 




TIMING WAVEFORMS 



Cerdip 





ITEM 


. MILLIMETERS 


INCHES 


A 


19 9 MAX 


784 MAX 


B 


1 06 


0042 


c 


254 


10 


D 


46 10 


0018 0004 


E 


17 78 


70 


F 


1 5 


059 


G 


2 54 MIN 


I0MIN 


H 


05MIN 


0019MIN 


1 


'4 58 MAX 


181 MAX 


J 


5 08 MAX 


20 MAX 


K 


762 


30 


L 


64 


25 


M 


25 • ° o ' o l 


00098 00019 


Plastic 


ITEM 


MILLIMETERS 


INCHES 


A 


I94MAX 


76 MAX 


B 


081 


09 


C 


2 54 


010 . 


D 


05 


02 


E 


17 78 


70 


F 


1 ] 


051 


G 


2 54 MIN 


10 MIN 


H 


5 MIN 


°° 2 -™~ 


1 


4 05 MAX 


J 


4 55 MAX 


0I8MAX 


K 


/62 


90 


v 


°25 


1.7 ~ 



PACKAGE OUTLINE 

MPB8216C/D 

juPB8226C/D 



8261 /8226DS-R EV3-1 2-81 -CAT 
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NEC 

NEC Electronics U.S. A. Inc. 

Microcomputer Division 



jiPB8224 



CLOCK GENERATOR AND DRIVER FOR 
8080A PROCESSORS 



DESCRIPTION 



FEATURES 



PIN CONFIGURATION 



The JUPB8224 is a single chip clock generator and driver for 8080A processors. 
The clock frequency is determined by a user specified crystal and is capable of 
meeting the timing requirements of the entire 8080A family of processors. MOS 
and TTL level clock outputs are generated. 

Additional logic circuitry of the /UPB8224 provides signals for power-up reset, an 
advance status strobe and properly synchronizes the ready signal to the processor. 
This greatly reduces the number of chips needed for 8080A systems. 

The juPB8224 is fabricated using NEC's Schottky bipolar process. 

• Crystal Controlled Clocks 

• Oscillator Output for External Timing 

• MOS Level Clocks for 8080A Processor 

• TTL Level Clock for DMA Activities 

• Power-up Reset for 8080A Processor 

• Ready Synchronization 

• Advanced Status Strobe 

• Reduces System Package Count 

• Available in 16-pin Cerdip and Plastic Packages 



RESET C 1 



RESIN £ 2 

RDYIN C 3 

READY C 4 

SYNC C 5 

02 (TTL) C 6 

STSTB C 7 

GND C 8 



16 
15 
14 
MPB 13 
12 
11 
10 



8224 



D v C c 

3 XTAL 1 
3 XTAL 2 
3 TANK 

3 osc 

3<t>2 
9 3 V D D 



PIN NAMES 



RESIN 


Reset Input 


RESET 


Reset Output 


RDYIN 


Ready Input 


READY 


Ready Output 


SYNC 


Sync Input 


STSTB 


Status STB 
Output 


01 


1 Processor 
/ Clocks 


02 


XTAL 1 


\ Crystal 

J Connections 


XTAL 2 


TANK 


Used With 
Overtone 
Crystal 


osc 


Oscillator 
Output 


<t>2 (TTL) 


02CLK 
(TTL Level) 


vcc 


+5V 


VDD 


+ 12V 


GND 


OV 



H 



Rev/2 
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M PB8224 

Clock Generator 

The clock generator circuitry consists of a crystal controlled oscillator and a 
divide-by-nine counter. The crystal frequency is a function of the 8080A 
processor speed and is basically nine times the processor frequency, i.e.: 

Crystal frequency = 9 
*CY 

where tQY ' s the 8080A processor clock period. 
A series resonant fundamental mode crystal is normally used and is connected 
across input pins XTAL1 and XTAL2. If an overtone mode crystal is used, an 
additional LC network, AC coupled to ground, must be connected to the 
TANK input of the juPB8224 as shown in the following figure. 



FUNCTIONAL DESCRIPTION 



FOR OVERTONE CRYSTALS ONLY 



7 3 -10 pF 



=}; I [ONLY NEEDED 
'ABOVE 10 MHz! 




The formula for the LC network is: 

where F is the desired frequency of oscillation. 

The output of the oscillator is input to the divide-by-nine counter. It is also 
buffered and brought out on the OSC pin, allowing this stable, crystal controlled 
source to be used for derivation of other system timing signals. The divide-by- 
nine counter generates the two non-overlapping processor clocks, 01 and 02, 
which are buffered and at MOS levels, a TTL level 02 and internal timing signals. 
The 01 and 02 high level outputs are generated in a 2-5-2 digital pattern, with 01 
being high for two oscillator periods, 02 being high for five oscillator periods, and then 
neither being high for two oscillator periods. The TTL level 02-02 (TTL), is normally used 
for DMA activities by gating the external device onto the 8080A bus once a Hold 
Acknowledge (HLDA) has been issued. 
Additional Logic 

In addition to the clock generator circuitry, the /iPB8224 contains additional logic 
to aid the system designer in the proper timing of several interface signals. 



The STSTB signal indicates, at the earliest possible moment, when the status 
signals output from the 8080A processor are stable on the data bus, STSTB is 
designed to connect directly to the ;uPB8228 System Controller and automatically 
resets the fjPB8228 during power-on Reset. 



The RESIN input to the /iPB8224 is used to automatically generate a RESET 
signal to the 8080A during power initialization. The slow rise of the power 
supply voltage in an external RC network is sensed by an internal Schmitt 
Trigger. The output of the Schmitt Trigger is gated to generate an 8080A com; 
patible RESET. An active low manual switch may also be attached to the RC 
circuit for manual system reset. 

The RDYIN input to the /^PB8224 accepts an asynchronous "wait request" 
and generates a READY output to the 8080A that is fully synchronized to 
meet the 8080A timing requirements. 
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BLOCK DIAGRAM 



ABSOLUTE MAXIMUM 
RATINGS* 



XTAL1 @ — 



RDYIN (J)- 



<g) OSC 




^iPB8224 



@ READY 



Operating Temperature U C to +70"C 

Storage Temperature -65° C to +150°C 

All Output Voltages (TTL) -0.5 to +7 Volts 

All Output Voltages (MOS) -0.5 to +13.5 Volts 

All Input Voltages -1.0 to +7 Volts 

Supply Voltage Vcc -0-5 to +7 Volts 

Supply Voltage Vdd -0-5 to +13.5 Volts 

Output Currents 100 mA 

T a = 25° C 



DC CHARACTERISTICS 



CAPACITANCE® 



•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



T a ■> 0°C to *70°C; V c c - +5V t5%; Vqq = + 


2 V s5% 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Input Current Loading 


if 






0.25 


mA 


Vp = 0.45V 


Input Leakage Current 


in 






10 


(iA 


V R - 5.25V 


Input Forward Clamp Voltage 


v c 






-1.0 


V 


l c --5mA 


Input "Low" Voltage 


V|L 






0.8 


V 


V C C " 5.0V 


Input "High" Voltage 


V|H 


2.6 

2.0 






V 


Reset input 
All Other Inputs 


RESIN Input Hysteresis 


V|H-V|L 


0.25 






V 


V CC - 5.0V 


Output "Low" Voltage 


vol 






0.45 
0.45 


V 
V 


(./>,, c>2l, Ready, Reset, STSTB 
l L-2-5mA 
All Other Inputs 
IfjL ° 15mA 


Output "High" Voltage 

0t> #2 

READY, RESET 
Ail Other Outputs 


V H 


9.4 
3.6 
2.4 






V 
V 
V 


lOH " -100 nA 
'OH * -100 nA 
l H - -1 mA 


Output Short Circuit Current 
(All Low Voltage Outputs Only) 


isc® 


-10 




-60 


mA 


V = OV 
V CC = 5.0V 


Power Supply Current 


ice 






115 


mA 




Power Supply Current 


'dd 






12 


mA 






Note: (?) Caution, <&\ and 02 output drivers do not have short circuit prote 

T a = 25°C;f = 1 MHz; V cc = 5V; V D D " 12V - V BIAS = 2-5V 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP | MAX 


Input Capacitance 


C|N 




1 8 


pF 





Note: © This, parameter is not 100% tested. 
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T a = 0°Cto+70°C; V C c 


• +5V ±5% 


VQD-+12V ±5% 








PARAMETER 


SYMBOL 


LIMITS® 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


01 Pulse Width 


'01 


^-20ns 






ns 


C|_ - 20 pF to 50 pF 


02 Pulse Width 


t02 


5 -f Y -3Bns 






01 to 02 Deiay 


«D1 









02 to 01 Delay 


'02 


— -14 ns 






01 to 02 Delay 


'D3 


2t C Y 

g 




2t CY „„ 
— + 20ns 


01 and 02 Rise Time 


IR 






20 


01 and 02 Fall Time 


'F 






20 


02 to 02 ITTL) Delay 


'D02 


-5 




+ 15 


ns 


2 TTL, CL = 30pF 
R! =300S2 
R 2 = 600fi 


2 to STSTB Delay 


'DSS 


6, CY „_ 
-—— -30 ns 




6t CY 
9 


n, 


STSTB, CL - 15 pF 
B-l = 2K 
R 2 = 4K 


STSTB Pulse Width 


'PW 


'CY ,. 
_-15ns 






ns 


RDYIN Setup Time 
to STSTB 


'DRS 


50 ns- 1^ 






RDYIN Hold Time 
After STSB 


'DRH 


4t C y 
9 






READY or RESET 
to 02 Delay 


'DR 


4, CY 
-^-25ns 






ns 


Ready and Reset 
CL = 10pF 
Rl = 2K 
R 2 = 4K 


Crystal Frequency 


f CLK 




9 
<CY 




MHz 




Maximum Oscillating 
Frequency 


'MAX 






27 


MHz 





Note: (T) t^v represents the processor clock period 




AC CHARACTERISTICS 



TEST CIRCUIT 






HDYIN OR RESIN ~^ " 



K'PW—j 



J- 



fc 



T 



'Oo2 »Oo2- 



x 



When reset = 1 



— . inn - 






V 



\-J 



TIMING WAVEFORMS 



/~\ 



Voltage Measurement Points: 4>], <t>2 Logic "0" = 1.0V, Logic "1" = 8.0V. 
All other signals measured at 1.5V. 
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CRYSTAL REQUIREMENTS 



/iPB8224 

Tolerance 0.005% at 0°C-70°C 

Resonance Series (Fundamental) © 

Load Capacitance 20-35 pF 

Equivalent Resistance 75-20 ohms 

Power Dissipation (Min) 4 mW 

Note: (T) With tank circuit use 3rd overtone mode. 



PACKAGE OUTLINE 
MPB8224C 







(PLASTIC) 



ITEM 


MILLIMETERS 


INCHES 


A 


19.4 MAX 


0.76 MAX. 


B 


0.81 


0.03 


C 


2.54 


0.10 


D 


0.5 


0.02 


E 


17.78 


0.70 


e 


1.3 


0.051 


G 


2.54 MIK 


0.10 MIM 


H 


0.5 MIN. 


0.02 MIN 


I 


4.05 MAX 


0.16 MAX 


J 


4.55 MAX 


0.18 MAX 


K 


7.62 


0.30 


L 


6.4 


0.25 


M 


•0.10 
0.25 

0.05 


0.01 



//PB8224D 




0-15 -^ V— ~ 



El 



(CERDIP) 



ITEM 


MILLIMETERS 


INCHES 


A 


19.9 MAX 


0.784 MAX 


B 


1.06 


0.042 


C 


2.54 


0.10 


D 


0.46 -0.10 


0.018 • 0.004 


E 


17.78 


0.70 


F 


1.5 


0.059 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.019 MIN 


I 


4.58 MAX 


0.181 MAX 


J 


5.08 MAX 


0.20 MAX 


K 


7.62 


0.30 


L 


6.8 


0.27 


M ' 


„„.. +0.10 
a25 0.05 


„ „~,„ * 0.0039 
0.0098 

- 0.0019 



8224DS-REV 2-1 2-81 -CAT 



599 



NOTES 
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Microcomputer Division 



M PB8228 



8080A SYSTEM CONTROLLER 
AND BUS DRIVER 

DESCRIPTION The juPB8228 is a single chip controller and bus driver for 8080A based systems. All 
the required interface signals necessary to connect RAM, ROM and I/O components 
to a JUPD8080A are generated. 

The //PB8228 provides a bi-directional three-state bus driver for high TTL fan-out and 
isolation of the processor data bus from the system data bus for increased noise 
immunity. 

The system controller portion of the £iPB8228 consists of a status latch for definition 
of processor machine cycles and a gating array to decode this information for direct 
interface to system components. The controller can enable gating of a multi-byte 
interrupt onto the data bus or can automatically insert a RESTART 7 onto the data 
bus without any additional components. 



FEATURES • System Controller for 8080A Systems 

• Bi-Directional Data Bus for Processor Isolation 

• 3.60V Output High Voltage for Direct Interface to 8080A Processor 

• t Three State Outputs on System Data Bus 

• Enables Use of Multi-Byte Interrupt Instructions 

• Generates RST 7 Interrupt Instruction 

• MPB8228 for Small Memory Systems 

• Reduces System Package Count 

• Schottky Bipolar Technology 



PIN CONFIGURATION 



ststbC 1 

HLDA C 2 
WRQ 3 

DBINC 4 
DB 4 C 5 

D 4 £ 6 
DB 7 C 7 

D?C 8 
DB 3 £ 9 

D 3 C 10 
DB2 C 1 1 

D 2 C 12 
DBo C 13 
GND C 1 4 



"W 



"28"b 



mpb 

8228 



y_cc 

3 i/ow 



3 MEMW 
11 I /OR 
3 MEMR 
I] INTA 



PIN NAMES 



U BUSEN 

3db 6 

3 D 5 

3 db 5 
3d, 

16 3 DB1 
15 3 Dq 



D7-D0 


Data But (Procauor Side) 


DB7 - DBc 


Data Bus (Syitem Side) 


l/OR 


I/O Read 


l/OW 


I/O Write 


MEMR 


Memory Read 


MEMW 


Memory Write 


OBIN 


DBIN (From Processor) 


INTA 


Interrupt Acknowledge 


HLDA 


HLDA (From Processor) 


WR 


WR (From Processor) 


BUSEN 


Bui Enable Input 


8TSTB 


Status Strobe (From mPBS224) 


v C c 


+BV 


GND 


Volts 




NC: No Connection 



Rev/2 
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Bi-Directional Bus Driver 

The eight bit, bi-directional bus driver provides buffering between the processor data 
bus and the system data bus. On the processor side, the jxPB8228 exceeds the mini- 
mum input voltage requirements (3.0V) of the mPD8080A. On the system side, the 
driver is capable of adequate drive current (10 mA) for connection of a large number 
of memory and I/O devices to the bus. Single flow in the bus driver is controlled by 
the gating a rray and its outputs can be forced into a high impedance state by use of 
the BUSEN input. 

Status Latch 

The Status Latch in the ;uPB8228 stores the status information placed on the data bus 
by th e 8080A at the beginning of each machine cycle. The information is latched 
when STSTB goes low and is then decoded by the gating array for the generation of 
control signals. 

Gating Array 

The Gating Array generates "active low" control signals for'direct interfacing to system 
components by gating the contents of the status latch with control signals from the 
8080A. 



MEM/R, l/OR and INTA are generate d by gating the DBIN signal from the processor 
with the content s of the status latch. I/OR is used to enable an I/O input onto the 
system data bus. MEM/R is used to enable a memory input. 

INTA is normally used to gate an interrupt instruction onto the system data bus. When 
used with the MPD8080A processor, the /xPB8228 will decode an interrupt acknowl- 
edge status word during all three machine cycles for a multi-byte interrupt instruction. 
For 8080A type processors that do not generate an interrupt acknowledge status word 
during the second and third machin e cycle s of a multi-byte interrupt instruction, the 
MPB8228 will internally generate an INTA pulse for those machine cycles. 
The juPB8228 also provides the designer the ability to place a single interrupt instruc- 
tion onto the bus w ithout adding additional components. By connecting the +12 volt 
supply to the INTA output (pin 23) of the juPB8228 through a 1 K ohm series resistor, 
RESTART 7 will be gated onto the processor data bus when DBIN is active during an 
interrupt acknowledge machine cycle. 



FUNCTIONAL DESCRIPTION 



MEM/W and l/OW are gener ated b y gating the WR signal from the processor with the 
conten ts of the status latch. I/OW indicates that an output port write is about to 
occur. MEM/W indicates that a memory write will occur. 

The data bus output buffers and control signal buffe rs can be asynchronously forced 
into a high impedance state by placi ng a high on the BUSEN pin of the ;iiPB8228. 
Normal operation is performed with BUSEN low. 



PROCESSOR 
DATA 
BUS 




vcc@- 

GND^4)_ 

'©— 
'0— 



-{13) DB 
_0DB 2 



— « (5) OB 4 

-— i @ DB 5 



\ SYSTEM DATA BUS 



- (£)) DB 6 



DRIVER CONTROL 



STSTB 
DBIN 




BLOCK DIAGRAM 
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ABSOLUTE 
MAXIMUM RATINGS' 



Operating Temperature ..;... . . . „ 0°C to+70°C 

Storage Temperature -65°C to +150°C 

All Output or Supply Voltages -0.5 to +7 Volts 

All Input Voltages . . ....,....- 1 .0 to +7.0 Volts 

Output Currents 100 mA 

T a = 25° C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



DC CHARACTERISTICS 



T a - 0°C to 70°C, V CC - 5V : 



CAPACITANCE 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Input Clamp Voltage, All Inputs 


vc 






-1.0 


V 


V CC * 4.75V; \qc ' -6 mA 


Input Load Current, STSTB 


if 






500 


HA 


V CC - 5.25V 
V F - 0.45V 


D2 and Dg 






750 


*iA 


Do, Di, D4, D5, and D7 






250 


dA 


All Other Inputs 






250 


l*A 


Input Leakage Current, STSTB 


|R 






100 


»iA 


V c c - 5.25V 
V R - 5.0V 


DBrj through DB7 






20 


«A 


All Other Inputs 






100 


XA 


Input Threshold Voltage, All Inputs 


VTH 


0.8 




2.0 


V 


V C C ' 5V 


Power Supply Current 


'cc 






190 


mA 


V C C ' 5.25V 


Output Low Voltage, Do through D7 


vol 






0.45 


V 


V c cv- 4.75V; l 0L - 2 mA 


All Other Outputs 






0.48 


V 


'OL * 10 mA 


Output High Voltage, Do through D7 


voh 


3.6 






V 


V C c -4.75V; Ioh- -10 *jA 


All Other Outputs 


2.4 






V 


lOH --1 mA 


Short Circuit Current, All Outputs 


'OS 


15 




90 


mA 


V C C " 5V 


Off State Output Current,- 
All Control Outputs 


lO(off) 






100 


HA 


V C c - 5.25V; Vo- 5.0V 






-100 


mA 


V - 0.45V 


INTA Current 


l|NT 






5 


mA 


(See Figure below) 






INTA (23)— (TV— I 
hNT 

INTA TEST CIRCUIT 




T a = 25° c 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C|N 






12 


pF ; 


VBIAS - 2.5V, 
V CC - 5.0V, 

f = 1 MHz 


Output Capacitance 
Control Signals 


CquT 






15 


pF 


I/O Capacitance 
(D or DB) 


Cl/O 






15 


pF 



NOTE: This parameter is not 1 00% tested. 
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T a - 0°C to 70" C, V CC - 5V t &% 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TVP 


MAX 


Width of Status Strobe 


«PW 


22 






ns 




Setup Time, Status Inputs 
Do-D 7 


<ss 


8 






ns 




Hold Time, Status Inputs D0-D7 


<SH 


5 






ns 




Delay from STSTB to any 
Control Signal 


«DC 


20 




60 


n, 


C L = 100 pF 


Delay from DBIN to Control 
Outputs 


tRR 






30 


n, 


C|_ - 100 pF 


Delay from DBIN to Enable/ 
Disable 8080A Bus 


'RE 






45 


ns 


C L - 25 pF 


Delay from System Bus to 
8080A Bus during Read 


'RD 






30 


ns 


C L - 25 pF 


Delay from WR to Control 
Outputs 


tWR 


5 




45 


ns 


C|_ - 100 pF 


Delay to Enable System Bus 
DB0-DB7 after STSTB 


'WE 






30 


ns 


C L - 100 pF 


Delay from 8080A Bus D0-D7 
to System Bus DB0-DB7 during 
Write 


'WD 


5 




40 


ns 


C L «100pF 




<E 






30 


ns 


C L • 100 pF 


Delay from System Bus Enable 
to System Bus DB0-DB7 


HLDA to Read Status Outputs 


'HD 






25 


n. 




Setup Time, System Bus 
Inputs to HLDA 


'DS 


10 






ns 




Hold Time, System Bus 
Inputs to HLDA 


'DH 


20 






ns 


C U - 100 pF 



STSTB 
PROCESSOR DATA 8US 



1NTA, l/OR, MEMR 



SYSTEM BUS DURING READ 



PROCESSOR BUS DURING REAO ■ 



„PBB228 l/OW or MEM W 



UPBB238 l/OW or MEMV 



PROCESSOR BUS DURING WRITE 
SYSTEM BUS DURING WRITE . 



SYSTEM BUS OUTPUTS ■ 



For D0-D7: R, - 4 KJJ, Rj - -n, 
Cl ■ 25 pF. For all other outputs: 
Rl -500JI, R2- 1 *n, Cl- 10OpF. 



T 



=• GND 



TEST CIRCUIT 

/" At, / " \t, ^ ^t 




_JC lx__ 

— -H'RD (— h-H'RE 



Jr 



^K 



^r- 



TIMING WAVEFORMS 



VOLTAGE MEASUREMENT POINTS: O -D 7 Ivuhan o 



> Logic "0" ■ 0.8V, Loflic "1" » 3.0 
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STATUS WORD CHART 




INTA 
WO 



OUT 



M 1 



26 



27 



23 



wmr 



l/OR 



l/OW 



iNTA 



\PIN\ 
\nO> 



SIGNAL STATUS 



MPB8228 CONTROL SIGNALS 



/JPD8080A 
OUTPUT 



A(PB8228 
OUTPUT 
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PACKAGE OUTLINE 
MPB8228C 



0°-15° 



(Plastic) 



ITEM 


MILLIMETERS 


INCHES 


A 


38.0 MAX 


1.496 MAX 


B 


2.49 


0.098 


C 


2.54 


0.10 


D 


5 ±0.1 


0.02 ± 0.004 


E 


33.02 


1.3 


F 


1.5 


0.059 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.02 MIN 


1 


5.22 MAX 


0.205 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.6 


L 


13.2 


0.52 


M 


«-JS 


nn +0.004 
001 - 0.002 




























i i 


I 

ih 


«-M 


1 

0-10°-»- 



MPB8228D 



(Ceramic) 



ITEM 


MILLIMETERS 


INCHES 


A 


36.2 MAX 


1.43 


B 


1.59 MAX 


0.06 


C 


2.54 


0.1 


D 


0.46 ± 0.05 


0.02 t 0.004 


E 


33.02 


1.3 


F 


1.02 


0.04 


G 


3.2 MIN 


0.13 


H 


1.0 


0.04 


I 


3.5 


0.14 


J 


4.5 


0.18 


K 


15.24 


0.6 


L 


14.93 


0.59 


M 


0.25 ± 0.05 


0.01 ± 0.002 
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M PD8237A-5 

HIGH PERFORMANCE 

PROGRAMMABLE DMA CONTROLLER 



Description 

The /iPD8237A-5 High Performance DMA Controller is a 
peripheral interface circuit for microprocessor systems. 
It is designed to improve system performance by allow- 
ing external devices to directly transfer information to or 
from the system memory. Memory-to-memory transfer 
capability is also provided. The l<PD8237A-5 offers a 
wide variety of programmable control features to 
enhance data throughput and allow dynamic recon- 
figuration under program control. 

The /iPD8237A-5 is designed to be used with an external 
8-bit address register such as the 8282. It contains four 
independent channels and may be expanded to any 
number of channels by cascading additional controller 
chips. 

The three basic transfer modes allow the user to pro- 
gram the types of DMA service. Each channel can be 
individually programmed to Autoinitialize to its original 
condition following an End of Process (EOP). 
Each channel has a full 64K byte address and word 
count capability. 
Features 

□ Memory-to-memory transfers 

□ Memory block initialization 

□ Address increment or decrement 

□ Four independent DMA channels 

□ Multiple transfer modes: block, demand, single word, 
cascade 

□ Independent Autoinitialization of all channels 

□ Enable/Disable control of individual DMA requests 

□ Independent polarity control for DREQ and DACK 
signals 

D End of Process input for terminating transfers 

□ Software DMA requests 

D High performance: transfers up to 1 .6 M-bytes/ 
second 

□ Directly expandable to any number of channels 

□ 40-pin plastic or ceramic DIP 

Pin Configuration 



Pin Identification 



Symbol Direction 



Function 



In Idle state, l/OR is an Input control line used 
by the CPU to read control r egist ers. In Active 
state, the /jPD8237A-5 uses l/OR as an output 
control signal to access data from a peripheral 
during a DMA Write. 



l/OR C 


1 




40 


3A7 


l/OW C 


2 




39 


3 A6 


MEMR C 


3 




38 


3 A 5 


MEMW C 


4 




37 


3 A 4 


C 


5 




36 


3 EOP 


READY C 


6 




35 


3 A3 


HLDA C 


7 




34 


3 A2 


ADDSTB _ 


8 




33 


3 A1 


AEN C 


9 


u> 


32 


3 Ao 


HRQ C 


10 


s 


31 


3 VCC 


CS C 


11 


N 


30 


3 Do 


CLK C 


12 


Q 


29 


DD1 


RESET C 


13 


=>■ 


28 


_D2 


DACK2 C 


14 




27 


H D3 


DACK3 C 


15 




26 


3 D4 


DRQ 3 C 


16 




25 


3 DACKo 


DRQ2 C 


17 




24 


3 DACK1 


DRQi C 


18 




23 


3D5 


DRQo C 


19 




22 


3 D6 


GND C 


20 




21 


3D 7 



In Idle state, the CPU uses l/OW as an Input 
control signal to load Information to the 
uPD8 237A -5. In Active state, the^PD8237A-5 
uses l/OW as an output control signal to load 
data to a peripheral during a DMA Read. 
The rising edge of WR must follow each data 
byte transfer In order for the C PU to write to 
the MPD8237A-5. Holding l/OW low while tog- 
gllng CS does not produce the same effect. 



3 


MEMR 


OUT 


MEMR accesses data from a specified memory 
location during memory-to-perlpheral or 
memory-to-memory transfers. 


4 


MEMW 


OUT 


MEMW writes data to a specified memory loca- 
tion during peripheral-to-memory or memory-to- 
memory transfers. 


5 




IN 


Pin 5 Is always tied high. 


6 


READY 


IN 


The READY signal can extend memory read and 
write pulses for slow memories or I/O 
peripherals. 


7 


HLDA 


IN 


HLDA Indicates that the CPU has relinquished 
control of the system buses. 


8 


ADDSTB 


OUT 


This signal strobes the upper address byte from 
D -D 7 into an external latch. 



This signal allows the external latch to output 
the upper address byte by disabling the system 
bus during DMA cycles. You should use HLDA 
and AEN to deselect I/O peripherals that may be 
erroneously accessed during DMA transfers. 
The nPD8237A-5 deselects Itself during DMA 
transfers. 



This signal requests control of the system bus. 
The nPD8237A-5 Issues this signal In response 
to software requests or DRQ inputs from 
peripherals. 



The CPU uses CS to select the (/PD8237A-5 as 
an I/O device during an I/O Read or Write by 
the CPU. This provides CPU communication on 
the data bus. C§ may be held low during multl- 
pl e tran sfe rs Jo or from the pPD8237A-5 as long 
as l/OR or l/OW Is toggled following each 
transfer. 



Controls Internal operations and data transfer 
rate. 



13 RESET 



Clears the Command, Status, Request, and 
Temporary registers, the first/last flip/flop, and 
sets the Mask register. The pPD8237A-5 is in 
Idle state after a Reset. 



14, 15 DACK - 

24, 25 DACK 3 



These lines Indicate an active channel. They 
are sometimes used to select a peripheral. Only 
one DACK may be active at any time. All DACK 
lines are Inactive unless DMA has control of the 
bus. You may program the polarity of these 
lines; however. Reset initializes them to active 
low. 




16-19 DRQ -DRQ 3 



These are asynchronous channel request inputs 
used by peripherals to request DMA service. In 
a Fixed Priority scheme, DRQg has the highest 
priority and DRQ 3 has the lowest. You may pro- 
gram the polarity of these lines; however, Reset 
Initializes them to active high. 



Ground. 



21-23, D -D 7 

26-30 



During an I/O Read, the CPU enables these 
lines as outputs, allowing It to read an Address 
register, a Word Count register, or the Status or 
Temporary register. During an I/O Write, these 
lines are enabled as Inputs, allowing the CPU to 
program the ;<PD8237A-5 control registers. Dur- 
ing DMA cycles, the eight MSBs of the address 
are output to the data bus to be strobed to an 
external latch via ADDSTB. 

Power Supply. 
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Symbol 



Function 



A -A 3 



During DMA Idle states, thess lines are Inputs, 
allowing the CPU to load or examine control 
registers. During DMA Active states, these lines 
are outputs that provide the 4 LSB of the out- 
put address. 



EOP signals that DMA service has been com- 
pleted. When the word count ol a chan nel 
becomea zero, the f PD8237A-S pulses EOP 
low to notify the peripheral that DMA serv ice 
Is complete. The peripheral may pull EOP low 
to prematurely en d DMA service. Internal or 
external receipt of EOP causes the currently 
active channel to end service, set Its f C bit In 
the Status register, and reset Its request bit. If 
the chsnnel Is programmed for Autolnltlallza- 
tlon, the current registers are updated from 
the base registers. Otherwise, the channel's 
mask bit Is set and the contents of the register 
are unaltered. 

EOP Is output when TC for channel 1 occu rs 
during memory-to-memory transfers. EOP 
applies to the channel with an active DACK. 
Whe n DACK -DACK 3 are Inactive, external 
EOPs are Ignored. 

It Is recommended that you use an external 
pullup resistor of 3.3k2 or 4.7k2. This pin can- 
not sink the current passed by a 1kQ pullup. 



A4-A7 



These lines are outputs that provide the four 
LSB of the address. These lines are active 
only during DMA service. 



Functional Description 

The /iPD8237A-5 has three basic control logic blocks, 
as shown in the block diagram. The Command Control 
block decodes commands issued by the CPU to the 
MPD8237A-5 before DMA requests are serviced. It also 
decodes the Mode Control word of each channel. The 
Timing Control block generates the external control 
signals and the internal timing. The Priority Encoder 
block settles priority contentions among channels 
simultaneously requesting service. 

DMA Operation 

The mPD8237A-5 operates in two states: Idle and Active. 
Each of these is made up of several smaller states 
equal to one clock cycle. The inactive state, S1 , is 
entered when there are no pending DMA requests. The 
controller is inactive in S1, but the CPU may program it. 
SO is the initial state for DMA service; the /iPD8237A-5 
requests a hold, but the CPU has not acknowledged. 
Transfers may begin upon acknowledgement from the 
CPU. The normal working states of DMA service are 



S1, S2, S3, and S4. If more time is needed for a 
transfer, a wait state, SW, can be inserted using the 
READY line. 

A memory-to-memory transfer requires read-from- 
memory and write-to-memory operations. The states 
S11, S12, S13, and S14 provide the read-from opera- 
tion. S21, S22, S23, and S24 provide the write-to part 
of the transfer. The byte is stored in the Temporary 
register between operations. 

Idle State 

When there are no pending service requests, the 
MPD8237A-5 is injhe Idle state; more specifically, in S1 . 
DRQ lines and CS are sampled to determine requests 
for DMA service and CPU attempts to inspect or modify 
the registers of the mPD8237A-5, respectively. The CPU 
can read or write to the registers when CS and HLDA 
are low. A0-A3 are used as inputs to the n PD8 237A 
and select the registers affected. The l/OR and l/OW 
lines select and time the reads and writes. An internal 
flip-flop generates an additional address bit which 
determines the upper or lower byte of the Address and 
Word Count registers. This flip-flop can be reset by 
master Clear, Reset, or a software command. 

When CS and HLDA are low (Program Phase), the 
MPD8237A-5 c an exe cute special software commands. 
When CS and l/OW are active, the commands are 
decoded as addresses and do not use the data bus. 

Active State 

When a channel requests service while the ^PD8237A-5 
is in Idle state, the mPD8237A-5 outputs an HRQ to the 
CPU and enters the Active state. DMA service takes 
place in the Active state, in one of the four modes 
described below. 

Byte Transfer Mode 

In this mode, a one-byte transfer is made during each 
HRQ/HLDA handshake. HRQ goes active when DRQ 
goes active. The CPU responds by making HLDA active, 
and the one-byte transfer takes place. After the trans- 
fer, HRQ goes inactive, the word count is decremented, 
and the address is incremented or decremented. If the 
word count goes to zero, a Terminal Count (TC) causes 



Block Diagram 
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an Autoinitialize if the channel has been programmed 
for it. 

DRQ is held active only until the corresponding DACK 
goes active when a single transfer is performed. If DRQ 
is held active for a longer period, HRQ will become 
inactive after each transfer, become active again, and a 
one-byte transfer will be made after each rising edge of 
HLDA. This assures a full machine cycle between DMA 
transfers in 8080A/8085A systems. Timing between the 
HPD8237A-5 and other bus control protocols depends 
on the CPU being used. 

Block Transfer Mode 

In this mode, the mPD8237A-5 makes transfers until it 
encounters a TC or an external EOP. Hold DRQ active 
only until DACK goes active. The channel will Autoini- 
tialize at the end of the DMA service if it has been pro- 
grammed to do so. 
Demand Transfer Mode 

In this mode, the ^PD8237A-5 makes transfers until it 
encounters a TC or an external EOP, or until DRQ 
becomes inactive. This allows the device requesting 
service to stop the transfers by sending DRQ inactive. 
The device can resume service by making DRQ active. 
The Current Address and Current Word Count registers 
may be examined during the time between services 
when the CPU is allowed to opera te. Autoinitialization 
can occur only after a TC or EOP at the end of the 
DMA service. After an Autoinitialization, there must be 
an active-going DRQ edge to begin new DMA service. 

Cascade Mode 

In this mode, you can expand your system by cascad- 
ing several mPD8237A-5s together. Connect the HLDA 
and HRQ signals from the additional mPD8237A-5s to 
the DRQ and DACK signals of a channel of the initial 
/uPD8237A-5. This scheme allows the additional devices 
to send the DMA requests through the priority resolu- 
tion circuitry of the preceding device, preserving the 
priority chain and forcing the device to wait its turn to 
acknowledge requests. The cascade channel in the ini- 
tial device does not output any address or control 
signals because its only function is that of assigning 
priorities. The mPD8237A-5 responds to DRQ with 
DACK, but all outputs except HRQ are disabled. 

The following figure shows two mPD8237A-5s cascaded 
into two channels of another one, forming a two-level 
DMA system. You could add more devices at the sec- 
ond level by using the leftover channels of the first 
level; likewise, you could add more devices to form a 
third level by cascading into the channels of the second 
level. 

Transfers 

There are three types of transfers that can be performed 
by the three active transfer mo des: Re ad, Write, and 
Verify. Read transfers activate MEMR and l/OW to 
move m emor y dat a to an I/O device. Write transfers 
activate l/OR and MEMW to move data from an I/O 
device to memory. Verify transfers are not really trans- 
fers; the /iPD8237A-5 goes through the motions of a 
transfer but the memory and I/O lines are not active. 



CPU 
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Memory-to-Memory Transfers 

Use Block Transfer mode for memory-to-memory trans- 
fers. Mask out channels and 1 , and initialize the 
channel word count to the same value as channel 1. 
Setting bit CO of the command register to 1 makes 
channels and 1 operate as memory-to-memory trans- 
fer channels. Channel is the source address, channel 
1 is the destination address, and the channel 1 word 
count is used. Initiate the memory-to-memory transfer 
by setting a DMA request for channel 0. You can write 
a single source word to a block of memory when chan- 
nel is programmed for a fixed s ource address. The 
HPD8237A-5 responds to external EOP signals during 
these transfers, but no DACK outputs are active. The 
EOP input may be used by data comparators doing 
block searches to end service when a match is found. 
Autoinitialization 

A channel may be set for Autoinitialize by programming 
a bit in the Mode register. Autoinitialize restores the 
original values of the Current Address and Current 
Word Count registers from the Initial Address and Initial 
Word Count registers of that channel. The CPU loads 
the Current and Initial registers simult aneo usly and they 
are unchanged through DMA service. EOP does not set 
the mask bit when the channel is in Autoinitialize. The 
channel can repeat its service following Autoinitialize 
without CPU intervention. 
Priority Resolution 

Two software-selectable priority resolution schemes are 
available on the mPD8237A-5: Fixed Priority and Rotat- 
ing Priority. In the Fixed Priority scheme, priority is 
assigned by the value of the channel number. Channel 
3 is the lowest priority and channel is the highest 
priority. 

In the Rotating Priority scheme, the channel that was 
just serviced assumes the lowest priority and the other 
channels move up accordingly. This guarantees that a 
device requesting service can be acknowledged after 
no more than three other devices have been serviced, 
preventing any channel from monopolizing the system. 




Highest 



-Service 
- Request 
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The highest priority channel is selected on each active- 
going HLDA edge. Once service to a channel begins, it 
cannot be interrupted by a request from a higher prior- 
ity channel. A higher priority channel gets control only 
when the lower priority channel releases HRQ. The 
CPU gets bus control when control passes from chan- 
nel to channel, ensuring that a rising HLDA edge can 
be generated to select the new highest priority request. 

Transfer Timing 

You can cut transfer timing, if the system allows, by 
compressing the transfer time to two clock periods. 
Since state 3 (S3) extends the access time for the read 
pulse, you can eliminate S3, making the width of the 
read pulse equal to the write pulse. A transfer is then 
made up of S2 to change the address and S4 to per- 
form the read or write. When the address lines A8-A15 
need to be updated, Si states occur. 

Generating Addresses 

The eight MSBs of the address are multiplexed on the 
data lines. These bits are output to an external latch 
during Si , after which they can be placed on the 
address bus. The falling edge of ADDSTB loads the bits 
from the data lines to the latch. AEN places the bits on 
the address bus. The eight LSBs of the address are 
directly output on lines A0-A7. Connect A0-A7 to the 
address bus. 

Sequential addresses are generated during Block and 
Demand Transfer mode operations because they include 
several transfers. Often, data in the external address 
latch does not change; it changes only when a carry or 
borrow from A7 to Aq occurs in the sequence of 
addresses. S1 states are executed only when A8-A15 
need to be updated. In the course of lengthy transfers, 
S1 states may be executed only once every 256 
transfers. 

Registers 

The following chart summarizes the registers of the 
MPD8237A-5. 



Register 



Bits 



Current Address registers (4) 16 

Current Word Count registers (4) 16 

Initial Address registers (4) 16 

Initial Word Count registers (4) 16 

Command register 8 

Mode registers (4) 6 

Request register 4 

Mask register 4 

Status register 8 

Temporary register 8 

Temporary Address register 16 

Temporary Word Count register 16 

Current Address Register 

There is a Current Address register for each channel. 
This register holds the address used for DMA transfers; 
the address is incremented or decremented after each 
transfer and the intermediate values are stored here 
during the transfer. The CPU writes or reads this regis- 
ter in 8-bit bytes. An Autoinitialize restores this register 
to its initial value. 



Current Word Count Register 

There is a Current Word Count register for each chan- 
nel. Program this register with the value of the number 
of words to be transferred, minus one. The word count 
is decremented after each transfer and intermediate 
values are stored in this register during the transfer. A 
TC is generated when the word count is zero. The CPU 
writes or reads this register in 8-bit bytes during Pro- 
gram Phase. An Autoinitialize restores this r egiste r to 
its initial value. After an internally generated EOP, the 
contents of this register will be FFFFH. 

Initial Address and Initial Word Count Registers 

There is an Initial Address register and an Initial Word 
Count register for each channel. The initial values of 
the associated Current registers are stored in these reg- 
isters. The values in these registers are used to restore 
the Current registers at Autoinitialize. During DMA pro- 
gramming, the CPU writes the Initial registers and the 
corresponding Current registers at the same time, in 
8-bit bytes. Intermediate values in the Current registers 
are overwritten if you write to the Initial registers while 
the Current registers contain intermediate values. The 
CPU cannot read the Initial registers. 



Signals Internal 


Flip- 
Channel Operation CS l/OR l/OW A 3 A 2 A t A Flop n -D 7 


Initial & Current 1 A -A 7 
Address Write 1 1 A 8" A 15 


Current 00 10000 A 0' A 7 
Address Read 00 10000 1 A 8~ A 15 


Initial & Current 1 1 W -W 7 
Word Count Write 1 1 1 W 8 -W 15 


Current 10 1 W -W 7 
Word Count Read 10 1 1 W B -W 1S 


1 Initial ft Current 1 10 A -A 7 
Address Write 1 10 1 A 8 -A 15 


Current 10 10 A -A 7 
Address Read 10 10 1 A 8" A 15 


Initial & Current 1 11 W -W 7 
Word Count Write 1 11 1 W 8 -W 15 


Current 10 11 W -W 7 
Word Count Read 1 11 1 W 8 -W 15 


2 Initial & Current 1 10 A -A 7 
Address Write 1 10 1 A 8 -A 15 


Current 10 10 A -A 7 
Address Read 10 10 1 A 8 -A 15 


Initial & Current 1 10 1 W -W 7 
Word Count Write 1 10 1 1 W 8 -W 15 


Current 1 10 1 W -W 7 
Word Count Read 10 10 1 1 W 8 -W 15 


3 Initial & Current 1 110 A -A 7 
Address Write 1 110 1 A 8' A 15 


Current 10 110 A 0" A 7 
Address Read 10 110 1 A 8' A 15 


Initial & Current 1 111 W -W 7 
Word Count Write 1 111 1 W 8 -W 15 


Current 10 111 W -W 7 
Word Count Read 10 111 1 W 8 -W 15 



Word Count and Address Register Command Codes 
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Command Register 

The CPU programs this register during Program Phase: 
The register can be cleared with Reset. 



6 5 4 3 2 



H 



Memory-to-memory disable 

1 Memory-to-memory enable 

Channel address hold disable 

1 Channel address hold enable 
X If bit = 



Controller enable 

1 Controller disable 

Normal Timing 

1 Compressed Timing 
X If bit =1 

Fixed Priority 

1 Rotating Priority 

Late write 

1 Extended write 
X If bit 3 - 1 



DACK active low 

1 DACK active high 



Mode Register 

There is a Mode register associated with each channel. 
When the CPU writes to this register during the Pro- 
gram Phase, bits and 1 determine on which channel 
Mode register the operation is performed. 



00 Channel 

01 Channel 1 

10 Channel 2 

1 1 Channel 3 

00 Verify transfer 

01 Write transfer 

10 Read transfer 

11 Illegal 

XX If bits 6 and 7 = 11 

Disable autolnltlallze 

1 Enable autolnltlallze 



Address Increment 

1 Address decrement 

00 Demand mode 

01 Single mode 

10 Block mode 

1 1 Cascade mode 



Request Register 

This register allows the /*PD8237A-5 to respond to DMA 
requests from software as well as hardware. There is a 
bit pattern for each channel in the Request register. 
These bits can be prioritized by the Priority Resolving 
circuitry and are not maskable. Each bit is set or reset 
unde r software control or cleared when TC or an external 
EOP is generated. A Reset clears the entire register. 
The correct data word is loaded by software to set or 
reset a bit. 

Software requests receive service only when the chan- 
nel is in Block mode. The software request for channel 
should be set at the beginning of a memory-to-memory 
transfer. 



00 Channel 

01 Channel 1 

10 Channel 2 

1 1 Channel 3 



Reset request bit 

1 Set request bit 



Mask Register 

There is a mask bit for each channel which can disable 
an incoming DRQ. If the channel is not set for Autoini- 
tial ize, e ach mask bit is set when its channel produces 
an EOP. Each bit can be set or cleared under software 
control. Reset clears the register. This disallows DMA 
requests until they are permitted by a Clear Mask 
Register instruction. 



II II II I II 






NA 













00 Channel mask bit 

01 Channel 1 mask bit 

10 Channel 2 mask bit 

1 1 Channel 3 mask bit 

Clear mask bit 

1 Set mask bit 



You may also write all four bits of the Mask register 
with a single command. 



6 5 4 3 



Clear Channel mask bit 

1 Set Channel mask bit 



Clear Channel 1 mask bit 

1 Set Channel 1 mask bit 



Clear Channel 2 mask bit 

1 Set Channel 2 mask bit 



Clear Channel 3 mask bit 

1 Set Channel 3 mask bit 



Status Register 

The Status register indicates which channels have 
made DMA requests and which channels have reached 
TC. Each time a channel reaches TC, including after 
Autoinitialization, bits 0-3 are set. Status Read and 
Reset clear these bits. Bits 4-7 are set when a channel 
is requesting service. The CPU can read the Status 
register. 




T_ 



1 Channel TC 
1 Channel 1 TC 
1 Channel 2 TC 
1 Channel 3 TC 



1 Channel DMA request 
1 Channel 1 DMA request 
1 Channel 2 DMA request 
1 Channel 3 DMA request 
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Temporary Register 

The Temporary register holds data during memory-to- 
memory transfers. The CPU can read the last word 
moved when the transfer is complete. This register 
always contains the last byte transferred in a memory- 
to-memory transfer unless cleared by a Reset. 
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Software Commands 

There are two software commands that can be exe- 
cuted in the Program Phase. These commands are inde- 
pendent of data on the data bus. 

Clear First/Last Flip-Flop 

You may issue this command before reading or writing 
any word count or address information. It allows the 
CPU to access registers, addressing upper and lower 
bytes correctly, by initializing the flip-flop to an iden- 
tifiable state. 

Master Clear 

This command produces the same effect as Reset. It 
clears the Command, Status, Request, Temporary, and 
Internal First/Last Flip-Flop registers, sets the Mask reg- 
ister, and causes the ^PD8237A-5 to enter Idle state. 

The following chart illustrates address codes for the 
software commands. 



A 



Operation 



1 



Read Status register 
Write to Command register 
Write to Request register 
Write a Mask register bit 
Write to Mode register 
Clear byte pointer flip-flop 
Read Temporary register 
Master Clear 
Write all Mask register bits 



All other bit combinations are illegal. 



Application Example 

The following diagram shows an application using the 
HPD8237A-5 with an 8088. The mPD8237A-5 sends a 
hold request to the CPU whenever there is a valid DMA 
request from a peripheral device. The mPD8237A-5 
takes control of the Address, Data, and Control buses 
when the CPU replies with an HLDA signal. The 
address for the first transfer appears in two bytes: the 
eight LSBs are output on A0-A7 and the eight MSBs 
are output on the data bus pins. The contents of the 

Handshake with Device 
Requesting Service 




data bus pins are latched to the 8282 to make up the 
16 bits of the address bus. Once the address is latched, 
the data bus transfers data to or from a memory loca- 
tion or I/O device, using the control bus signals gener- 
ated by the mPD8237A-5. 

AC Characteristics Supplementary Information 

All AC timing measurement points are 2.0V for high and 
0.8V for low, for both inputs and outputs. The loading 
on the outputs is one TTL gate plus 100 pF of capac- 
itance for the data bus pins, and one TTL gate plus 
50 pF for all other outputs. 

Recovery time between successive read and write 
inputs must be at least 400 ns. I/O or memory write 
pulse widths will be Tcy- 100 ns for normal DMA 
transfers and 2 Tcy- 100 ns for extended cycles. I/O 
or memory reads will be 2 Tcy - 50 ns for normal reads 
and Tcy - 50 ns for compressed cycles. TpQl and 
TpQ2 are measured on two different levels. TpQi at 
2.0V, TqQ2 at 3.3V with a 3.3 kQ pull-up resistor. 
DREQ and DACK are both active high and low. DREQ 
must be held in the active state (user defined) until 
DACK is returned from the mPD8237A-5. The AC wave- 
forms assume these are programmed to the active high 
state. 



Absolute Maximum Ratings* 




Tentative 


Ambient Temperature under Bias 


0°Cto +70°C 


Storage Temperature 


-65°Cto150°C 


Voltage on any Pin with respect to Ground 


-0.5V to +7V 


Power Dissipation 


1.5 Watt 



* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be oper- 
ated under conditions outside the limits described in 
the operational sections of this specification. Exposure 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 

T a = O e C to +70°C; Vqc = +SV ± 5% 





Symbol 




Limits 




Unit 




Parameter 


Uln 


Typ® 


Max 


Test Conditions 


Output High 
Voltage 


V H 


2.4 






V 


'OH = -200 it A 


3.3 






V 


'OH = -100/M 
(HRQ Only) 


Output Low 
Voltage 


v OL 






0.45 


V 


lOL = 2.0 mA 
(Data Bus) 

'OL - 3 - 2 m * 
(Other Outputs) 


Input High 
Voltage 


V|H 


2.0 




V C C + °-5 


V 




Input Low 
Voltage 


V|L 


-0.5 




0.8 


V 




Input Load 
Current 


'li 






±10 


ma 


0V<V, N <V CC 


Output Leakage 
Current 


'lo 






±10 


MA 


0.45<V OUT <V CC 


Vfjc Supply 


■cc 




65 


130 


mA 


T a = +25°C 


Current 




75 


150 


mA 


T a = 0»C 



Note: 



Typical values measured at T a = 25°C, nominal processing 
parameters, and nominal VrjC- 
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Capacitance 





Symbol 




Limits 




Unit 


Test 


Parameter 


Mfn 


Typ® 


Max 


Conditions 


Output Capacitance 


CO 




4 


8 


PF 


fc = 1.0 MHz, 


Input Capacitance 


C| 




8 


15 


pF 


Inputs = 0V 


I/O Capacitance 


c IO 




10 


18 


pF 





Note: 

(J) Typical values measured at T a = 25°C, nominal processing 
parameters, and nominal Vcc- 

AC Testing Input/Output Waveform 



Am: 






Inputs are driven at 2.4V for logic 1 and 0.45V for 
logic 0. These timing measurements are made at 2.0V 
for logic 1 and 0.8V for logic 0. A transition time of 
20 ns or less is assumed for input timing parameters. 
Unless noted, output loading is 1 TTL gate plus 50 pF 
capacitance. 

AC Characteristics 

T a s 0°Cto +70°C; Vcc = 5V ± 5«/o 





Symbol 


Limits 






Parameter 


Mfn Typ 


Max 


Unit 


AEN High from CLK Low (S1) Delay 
Time 


'AEL 




200 


ns 


AEN Low from CLK High (S1) Delay 
Time 


»AET 




130 


ns 


ADR Active to Float Delay from CLK 
High 


<AFAB 




90 


09 


READ or WRITE float from CLK High 


»AFC 




120 




DB Active to Float Delay from CLK 
High 


*AFDB 




170 


ns 


ADR from READ High Hold Time 


«AHR 


t CY -100 




ns 


DB from ADDSTB Low Hold Time 


«AHS 


30 




ns 


ADR from WRITE High Hold Time 


'ahw 


tcY-S0 




ns 


DACK Valid from CLK Low Delay 
Time 






170 


ns 


EOP High from CLK High Delay Time 


«AK 




170 


ns 


EOP Low to CLK High Delay Time 






100 


ns 


ADR Stable from CLK High 


•ASM 




170 


ns 


Data Bus to ADDSTB Low Setup 
Time 


'ASS 


100 




ns 


Clock High Time 
(Transitions < 10 ns) 


*CH 


80 




ns 


Clock Low Time (Transitions < 10 ns) 


«CL 


68 






CLK Cycle Time 


*CY 


200 




ns 


CLK High to READ or WRITE Low 
Delay ® 


*DCL 




190 


ns 


READ High from CLK High (S4) 
Delay Time® 


*DCTR 




190 


ns 


WRITE High from CLK High (S4) 
Delay Time ® 


*DCTW 




130 


ns 


HRO Valid from CLK High Delay 
Time© 


*DQ1 
*DQ2 




120 
120 


ns 
ns 


EOP Low from CLK Low Setup Time 


'EPS 


40 






EOP Pulse Width 


*EPW 


220 




ns 


ADR Float to Active Delay from 
CLK High 


'FAAB 




170 


ns 


READ or WRITE Active from 
CLK High 


*FAC 




150 


ns 





Symbol 


Umfts 






Parameter 


Mfn Typ 


Max 


Unit 


Data Bus Float to Active Delay from 
CLK High 


'FADB 




200 


ns 


HLDA Valid to CLK High Setup Time 


*HS 


75 




ns 


Input Data from MEMR High Hold 
Time 


l IDH 







ns 


Input Data to MEMR High Setup Time 


*I0S 


170 




ns 


Output Data from MEMW High Hold 
Time 


«ODH 


10 




JIB 


Output Data Valid to MEMW High 


«ODV 


130 




ns 


DRQ to CLK Low (Si, S 4 ) Setup Time 


«QS 







ns 


CLK to READY Low Hold Time 


'RH 


20 




ns 


READY to CLK Low Setup Time 


*RS 


75 




ns 


ADDSTB High from CLK High Delay 
Time 


*STL 




130 


ns 


ADDSTB Low from CLK High Delay 
Time 


'STT 




90 


ns 



Notes: 

® Net l/OW or MEMW pulse width for norm al writ e i stCY- 100 ns 
and 2tCY~ 100 ns for extended write. Net l/OR or MEMR pulse 
width for normal read is 2tCY - 50 ns and tQY - 50 ns for com_ 
pressed read. 

(2) Tdqi is measured at 2.0V. tQQ2 is measured at 3.3V. An exter- 
nal pullup resistor of 3.3kQ connected from HRQ to Vcc is 
assumed for tQQ2- 



AC Characteristics Peripheral Mode 

T a s 0°Cto +70°C;VcC = +5V ± 5°/© 





Symbol 


Umtts 






Parameter 


Mfn Typ 


Ma* 


Unit 


ADR Valid or CS Low to READ Low 


<AR 


50 




ns 


ADR Valid to WRITE High Setup Time 


«AW 


160 




ns 


CS Low to WRITE High Setup Time 


»CW 


160 




ns 


Data Valid to WRITE High Setup Time 


«DW 


160 




ns 


ADR or CSHold from READ High 


tRA 







ns 


Data Access from READ Low ® 


<RDE 




140 


ns 


Data Bus Float Delay from READ High 


«RDF 





70 


ns 


Power Supply High to RESET Low Setup Time 


tRSTD 


500 




ns 


RESET to First l/OW 


•rsts 


2t C Y 




ns 


RESET Pulse Width 


*RSTW 


300 




ns 


READ Width 


»RW 


200 




ns 


ADR from WRITE High Hold Time 


l WA 


20 




ns 


CS High from WRITE High Hold Time 


«WC 


20 




ns 


Data from WRITE High Hold Time 


«WD 


30 




ns 


Write Width 


*WWS 


160 




ns 



Note: 

(J) Data bus output loading is 1 TTL gate plus 100 pF capacitance. 



n 
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Timing Waveforms 

Slave Mode Write 



63 



\ 



\ 



x 



D0-D7 



x 



Slave Mode Read 

cs 



V 



A0-A3 



X 



D0-D7 



\. 



Input Valid 



Input Valid 



Address Muat Bs Valid 



1 



/ 



r 



twe 

® 



X 



x 



/ 



¥ 



%. 



-«RDP- 



>- 



Notot 

You must time successive read or write operations by the CPU to allow at least 400 ns recovery time for the /iPD8237A-5 between read and 
write pulses. 
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Timing Waveforms (Cont.) 

DMA Transfer 




WWWWWWl 1///V///////// 



•See Note 2, AC Characteristics, DMA Mode 
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Timing Waveforms (Cont.) 

Memory-to-Memory Transfer 




J 



X 



TASM 



Address Valid 



(SKTO^Z' 



tdctr h" 



\ l^tiDs-hK 



J 



X 



r 



\\\\\\\\\\\\\\\\ J /////// 



\ 



Address Valid 



f A 8 -A15 ') 



J~ 



\_. 



A. 



V 



\^J 



Ready 



Rnj^/wu^ 



\ 



Extende d . \ 
Write 



wwwwww 



,£ZZ7 



/ 



/ 
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Timing Waveforms (Cont.) 

Compressed Transfer 



/~V_/ 



X 



\ 



\ 



>: 



/ 



/ 



rx 



-tRH 

-•ns 



v 



^v c Y^^V^"\ 



M PD8237A-5 



S. 



/ 



/ 



7X 



Reset 



vcc 



A 



A 



% 



Package Outline 
M PD8237AC-5 




0° - 15"- 1 >— 



\ 



Plastic 



Ram 


Millimeters 


Inch** 


A 


51.5 Max 


2.026 Max 


B 


1.62 


0.064 


C 


2.54 ± 0.1 


0.10 ± 0.004 


D 


0.5 ± 0.1 


0.019 ± 0.004 


E 


48.26 


1.9 


F 


1.2 Min 


0.047 Mln 


Q 


2.54 Mln 


0.10 Mln 


H 


0.5 Mln 


0.019 Mln 


1 


5.22 Max 


0.206 Max 


J 


5.72 Max 


0.225 Max 


K 


15.24 


0.600 


L 


13.2 


0.520 


M 


0.25 +0 " 1 
-0.05 


.„„ +0.004 

0.010 - „„- 

-0.002 
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SEC 

NEC Electronics U.S.A. Inc. 

Microcomputer Division 



MPD8243 



INPUT/OUTPUT EXPANDER FOR 
/4PD8048 FAMILY 



DESCRIPTION The juPD8243 input/output 1 expander is directly compatible with theMPD8048 family 
of single-chip microcomputers. Using NMOS technology the /iPD8243 provides high 
drive capabilities while requiring only a single +5V supply voltage. 

The MPD8243 interfaces to the MPD8048 family through a 4-bit I/O port and offers 
four 4-bit bi-directional static I/O ports. The ease of expansion allows for multiple 
juPD8243's to be added using the bus port. 

The bi-directional I/O ports of the/iPD8243 act as an extension of the I/O capabilities 
of the juPD8048 microcomputer family. They are accessible with their own ANL, MOV, 
and OR L instructions. 



FEATURES 



Four 4-Bit I/O Ports 

Fully Compatible with juPD8048 Microcomputer Family 

High Output Drive 

NMOS Technology 

Single +5V Supply 

Direct Extension of Resident mPD8048 I/O Ports 

Logical AND and OR Directly to Ports 

Compatible with Industry Standard 8243 

Available in a 24-Pin Plastic Package 




B 
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General Operation 

The I/O capabilities of the /xPD8048 family can be enhanced in four 4-bit I/O port 
increments using one or more juPD8243's. These additional I/O lines are addressed as 
ports 4-7. The following lists the operations which can be performed on ports 4-7. 

• Logical AND Accumulator to Port. 

• Logical OR Accumulator to Port. 

• Transfer Port to Accumulator. 

• Transfer Accumulator to Port. 

Port 2 (P20"P23) forms the 4-bit bus through which the juPD8243 communicates with 
the host processor. The PROG output from the juPD8048 family provides the neces- 
sary timing to the /jPD8243. There are two 4-bit nibbles involved in each data transfer. 
The first nibble contains the op-code and port address followed by the second nibble 
containing the 4-bit data. Multiple juPD8243's can be used for additional I/O. The 
output lines from the /zPD8048 family can be used to form the chip selects for the 
additional juPD8243's. 

Power On Initialization 

Applying power to the juPD8243 sets ports 4-7 to the tri-state mode and port 2 to the 
input mode. The state of the PROG pin at power on may be either high or low. The 
PROG pin must make a high-to-low transition in order to exit from the power on 
mode. The power on sequence is initiated any time Vqc drops below 1 V. The table 
below shows how the 4-bit nibbles on Port 2 correspond to the juPD8243 operations. 



Port Address 




Op-Code 




P 2 1 


P20 


Address Code 


P23 


P 2 2 


Instruction Code 


* 





Port 4 








Read 





1 


Port 5 





1 


Write 


1 





Port 6 


1 





ORLD 


1 


1 


Port 7 


1 


1 


ANLD 



For example an 0010 appearing on P20-P23/ respectively, would 
result in a Write to Port 4. 

Read Mode 

There is one Read mode in the /UPD8243. A falling edge on the PROG pin latches the 
op-code and port address from input Port 2. The port address and Read operation are 
then decoded causing the appropriate outputs to be tri-stated and the input buffers 
switched on. The rising edge of PROG terminates the Read operation. The Port 
(4,5,6, or 7) that was selected by the Port address (P21-P20) iS returned to the tri-state 
mode, and Port 2 is switched to the input mode. 

Generally, in the read mode, a port will be an input and in the write mode it wiil be an 
output. If during program operation, the /zPD8243's modes are changed, the first read 
pulse immediately following a write should be ignored. The subsequent read signals are 
valid. Reading a port will then force that port to a high impedance state. 

Write Modes 

There are three write modes in the juPD8243. The MOVD P p a instruction from the 
;iiPD8048 family writes the new data directly to the specified port (4,5,6, or 7). The 
old data previously latched at that port is lost. The ORLD P p a instruction performs 
a logical OR between the new data and the data currently latched at the selected 
port. The result is then latched at that port. The final write mode uses the ANLD 
PpA instruction. It performs a logical AND between the new data and the data cur- 
rently latched at the specified port. The result is latched at that port. 

The data remains latched at the selected port following the logical manipulation until 
new data is written to that port. 



FUNCTIONAL 
DESCRIPTION 
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BLOCK DIAGRAM 



r^ 



AND/OR 
LOGIC 



TZ 



<V>mu 



PORT 2 




^ 



INPUT 
BUFFER 



Cl 



^> 



^ 



INPUT 
BUFFER 



a 



^> 



INSTRUCTION 
DECODER 



C 



^> 



INPUT 
BUFFER 



C 



^> 



RESET 
CIRCUIT 



£ 



±> 



ADDRESS 
DECODER 



INPUT 
BUFFER 



Cl 



^> 



^ 



PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


2-5 

1,21-23 
17-20 
13-16 


P40-P43 
P50-P53 
P60-P63 
P70-P73 


The four 4-bit static bi-directional I/O ports. They 
are programmable into the following modes: 
input mode (during a Read operation); low 
impedance latched output mode (after a Write 
operation); and the tri-state mode (following a 
Read operation). Data appearing on I/O lines 
P20-P23 can t> e written directly. That data can 
also be logically ANDed or ORed with the previous 
data on those lines. 


6 


es 


Chip Select input (active-low). When the/iPD8343 
is deselected (CS = 1 ), output or internal 
status changes are inhibited. 


7 


PROG 


Clock input pin. The control and address informa- 
tion are present on port lines P20-P23 when PROG 
makes a high-to-low transition. Data is present on 
port lines P20- p 23 when PROG makes a low-to-high 
transition. 


8-11 


P20-P23 


P20-P23 form a 4-bit bi-directional port. Refer to 
PROG function for contents of P20'P23 at the 
rising and falling edges of PROG. Data from a 
selected port is present on P20-P23 P r i° r to the 
rising edge of PROG if during a Read operation. 


12 


GND 


The /uPD804 1/8741 ground potential. 


24 


vcc 


+5 volt supply. 
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Operating Temperature 0°Cto +70°C ABSOLUTE MAXIMUM 

Storage Temperature -65°C to +150°C RATINGS* 

Voltage on Any Pin -0.5 to +7 Volts© 

Power Dissipation 1 W 

Note: © With respect to ground. 
T a = 25°C 

•COMMENT: Stress aoove those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

DC CHARACTERISTICS 



T a = 0°Cto+70°C;V C C = 


f5V ±10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 


-0.5 




0.8 


V 




Input Hjgh Voltage 


V|H 


2.0 




Vcc + °- 5 


V 




Output Low VoLtage (Ports 4-7I 


V0L1 






0.45 


V 


lOL' 5mA CD 


Output Low Voltage (Port 71 


v OL2 






1 


V 


lOL = 20 mA 


Output Low Voltage (Port 21 


V 0L3 






0.45 


V 


lOL -0.6 mA 


Output High Voltage (Ports 4-7) 


v OH1 


2.4 






V 


lOH "240 mA 


Output High Voltage (Port 2) 


v OH2 


2.4 






V 


lOH - 100 mA 


Sum of All Iql From 16 Outputs 


lOL 






100 


mA 


5 mA Each Pin 


Input Leakage Current (Ports 4-7) 


'IL1 


-10 




20 


«A 


V|N- V cc to0V 


Input Leakage Current (Port 2, 
CS, PROG) 


l|L2 


-10 




10 


("A 


V|N - Vcc">0V 


Vcc Supply- Current 


ice 




10 


20 


mA 





Note: (7) Refer to graph of additional sink current drive. 



T a » 0°C to +70°C; V C C a + 5V ±10% 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Code Valid Before PROG 


'A 


100 






ns 


80 pF Load 


Code Valid After PROG 


<B 


60 






ns 


20 pF Load 


Data Valid Before PROG 


«C 


200 






ns 


80 pF Load 


Data Valid After PROG 


«D 


20 






ns 


20 pF Load 


Port 2 Floating After PROG 


«H 







150 


ns 


20 pF Load 


PROG Negative Pulse Width 


<K 


700 






ns 




Ports 4-7 Valid After PROG 


tPO 






700 


ns 


100 pF Load 


Ports 4-7 Valid Before/After PROG 


«LP1 


100 






ns 




Port 2 Valid After PROG 


<ACC 






650 


ns 


80 pF Load 


55 Valid Before/After PROG 


<CS 


50 






ns 





AC CHARACTERISTICS 



d£ 



INSTRUCTION 



X 



y 



>: 



x 



TIMING WAVEFORMS 



Z3<: 



OUTPUT VALID 



PREVIOUS OUTPUT VALID 



" , \J OUTPUT 

-. \ yAmb . 



>: 



x 



x 
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CURRENTSINKING 

CAPABILITY© ,25 " 1 



M PD8243 



10 11 12 13 14 15 



Note: CD Thisc 



MAXIMUM SINK CURRENT AT ANY PIN (V L = 0.4V) 
MAXIMUM Iol WORST CASE PIN IN mA. 

} plots the guaranteed worst case current sinking capability of any I/O port lir 



The ^PD8243 is capable of sinking 5 mA (for V |_ » 0.4V) through each of the 16 I/O lir 
curve shows how the individual I/O line drive increases if all the I/O lines are not fully loaded. 



;us th# total sink current of all pins, 
simultaneously. The current sinking 



PACKAGE OUTLINES 
MPD8243C 




(PLASTIC) 



ITEM 


MILLIMETERS 


INCHES 


A 


33 MAX 


1.3 MAX , 


B 


2.53 


0.1 


C 


2.54 


0.1 


D 


0.5 • 0.1 


0.02 • 0.004 


E 


27.94 


1.1 


F 


1.5 


0.059 


G 


2.54 MIN 


0.1 MIN 


H 


0.6 MIN 


0.02 MIN 


I 


5.22 MAX 


0.205 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.6 


L 


13.2 


0.52 


M 


+0.10 
0.25 

-0.05 


+0.004 
0.01 

-0.0019 
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/iPD82C43 



Microcomputer Division 



CMOS INPUT/OUTPUT EXPANDER FOR 
/*PD8048/80C48 FAMILY 



DESCR IPTION The juPD82C43 input/oufput expander is directly compatible with the aiPD8048/80C48 
family of single-chip microcomputers. Using NMOS technology the ^tPD82C43 pro- 
vides high drive capabilities while requiring only a single +5V supply voltage. 

The /xPD82C43 interfaces to the MPD8048/80C48 family through a 4-bit I/O port and 
offers four 4-bit bi-directional static I/O ports. The ease of expansion allows for multi- 
ple //PD8243s to be added using the bus port. 

The bi-directional I/O ports of the /iPD82C43 act as an extension of the I/O capabili- 
ties of the juPD8048/80C48 microcomputer family. They are accessible with their own 
ANL, MOV, and ORL instructions. 



FEATURES 



Four 4-Bit I/O Ports 

Fully Compatible with juPD8048/80C48 Microcomputer Family 

High Output Drive 

NMOS Technology 

Single +5V Supply 

Direct Extension of Resident /xPD8048/80C48 I/O Ports 

Logical AND and OR Directly to Ports 

Compatible with Industry Standard 8243 

Available in a 24-Pin Plastic Package 
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1 


vy 


24 


Dvcc 


P40C 
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23 


DP51 


P41C 


3 




22 


DP52 


P42C 


4 




21 


3P53 


P43C 


5 




20 


3 Pqo 


cs C 
PROG rz 


6 

7 


mpd 

82C43 


19 
18 


D Pei 

3 P62 


P23C 


8 




17 


3 P63 


P22C 


9 




16 


3 P73 
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15 
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P20C 


11 
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General Operation 

The I/O capabilities of the MPD8048/80C48 family can be enhanced in four 4-bit I/O 
port increments using one or more/xPD82C43s. These additional I/O lines are addressed 
as ports 4-7. The following lists the operations which can be performed on ports 4-7. 

• Logical AND Accumulator to Port. 

• Logical OR Accumulator to Port. 

• Transfer Port to Accumulator. 

• Transfer Accumulator to Port. 

Port 2 (P20-P23) forms the 4-bit bus through which the //PD82C43 communicates 
with the host processor. The PROG output from the /nPD8048/80C48 family provides 
the necessary timing to the /iPD82C43. There are two 4-bit nibbles involved in each 
data transfer. The first nibble contains the op-code and port address followed by the 
second nibble containing the 4-bit data. Multiple juPD82C43s can be used for addi- 
tional I/O. The output lines from the juPD8048/80C48 family can be used to form the 
chip selects for the additional /uPD82C43s. 

Power On Initialization 

Applying power to the juPD82C43 sets ports 4-7 to the tri-state mode and port 2 to the 
input mode. The state of the PROG pin at power on may be either high or low. The 
PROG pin must make a high-to-low transition in order to exit from the power On 
mode. The power on sequence is initiated any time Vrjc drops below 1 V. The table 
below shows how the 4-bit nibbles on Port 2 correspond to the /^tPD82C43 operations. 



Port Address 




Op-Code 




P21 


P20 


Address Code 


P23 


P22 


Instruction Code 








Port 4 








Read 





1 


Port 5 





1 


Write 


1 





Port 6 


1 





ORLD 


1 


1 


Port 7 


1 


1 


ANLD 



FUNCTIONAL 
DESCRIPTION 



For example an 0010 appearing on P20 _ P23» respectively, would 
result in a Write to Port 4. 

Read Mode 

There is one Read mode in the jxPD82C43. A falling edge on the PROG pin latches the 
op-code and port address from input port 2. The port address and Read operation are 
then decoded causing the appropriate outputs to be tri-stated and the input buffers 
switched on. The rising edge of PROG terminates the Read operation. The port 
(4, 5, 6, or 7) that was selected by the port address (P21-P20) is returned to the tri-state 
mode, and port 2 is switched to the input mode. 

Generally, in the read mode, a port will be an input and in the write mode it wiil be an 
output. If during program operation, the mPD82C43's modes are changed, the first read 
pulse immediately following a write should be ignored. The subsequent read signals are 
valid. Reading a port will then force that port to a high impedance state. 

Write Modes 

There are three write modes in the /xPD82C43. The MOVD P p ,A instruction from the 
MPD8048/80C48 family writes the new data directly to the specified port (4, 5, 6, or 7). 
The old data previously latched at that port is lost. The ORLD Pp,A instruction per- 
forms a logical OR between the new data and the data currently latched at the 
selected port. The result is then latched at that port. The final write mode uses the 
ANLD Pp,A instruction. It performs a logical AND between the new data and the 
data currently latched at the specified port. The result is latched at that port. 

The data remains latched at the selected port following the logical manipulation until 
new data is written to that port. 
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/iPD82C43 



BLOCK DIAGRAM 



O 



AND/OR 
LOGIC 



7T 



<V)mu 



JLTIPLEXER 




INPUT 
BUFFER 



Cl 



^> 



^> 



INPUT 
BUFFER 



^ 











PROG 










i 








RESET 
CIRCUIT 



INSTRUCTION 
DECODER 



C 




INPUT /* 

3UFFER \n 



=0 



If 



^> 



^> 



ADDRESS 
DECODER 



INPUT 
BUFF 



'UT /• — 
FER Sri 



^> 



^> 



PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


2-5 

1, 21-23 

17-20 

13-16 


P40-P43 
P50-P53 
P60-P63 
P70-P73 


The four 4-bit static bi-directional I/O ports. They 
are programmable into the following modes: 
input mode (during a Read operation); low 
impedance latched output mode (after a Write 
operation); and the tri-state mode (following a 
Read operation). Data appearing on I/O lines 
P20"P23 can be written directly. That data can 
also be logically ANDed or ORed with the previous 
data on those lines. 


6 


CS 


Chip Select input (active-low). When the /XPD82C43 
is deselected (CS =1), output or internal status 
changes are inhibited. 


7 


PROG 


Clock input pin. The control and address informa- 
tion are present on port lines P20-P23 when PROG 
makes a high-to-low transition. Data is present on 
port lines P20" p 23 when PROG makes a low-to-high 
transition. 


8-11 


P20-P23 


P20-P23 form a 4-bit bi-directional port. Refer to 
PROG function for contents of P20 _ P23 at the 
rising and falling edges of PROG. Data from a 
selected port is present on P20-P23 P rior to the 
rising edge of PROG if during a Read operation. 


12 


GND 


The MPD804 1/8741 ground potential. 


24 


vcc 


+5 volt supply. 



o 
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jiPD82C43 

Operating Temperature -40°c to +85°C ABSOLUTE MAXIMUM 

Storage Temperature -65°C to +150°C RATINGS* 

Voltage on Any Pin . . -0.5 to +7 Volts© 

Power Dissipation 1 W 

Note: © With respect to ground. 

*T a - 25° C 

COMMENT: Stress aDove those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 



T a - -40° C to +85°C: Vcc - +BV i 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TVP 


MAX 


Input Low Voltiige 


V IL 


-0.3 




0.8 


V 




Input High Voltage 


VlH 


V C c -2.0 




vcc 


V 




Output Low Voltage 
(Ports 4-71 


VOL1 






0.45 


V 


l L-5mA(D 


Output Low Voltage (Port 7) 


v OL2 






1 


V 


IOL-20 mA 


Output Low Voltage (Port 21 


v OL3 






0.45 


V 


'OL = 0.6 mA 


Output High Voltage 
IPom 4-71 


v OH1 


V C c - 0.5 






V 


lOH "240 mA 


Output High Voltage (Port 2) 


v OH2 


V C C - 0.5 






V 


IfJH ■ 100 uA 


Sum of All Iql From 16 
Outputs 


'OL 






80 


mA 


5 mA Each Pin 


Input Leakage Current 
(Ports 4-7) 


l|L1 


-1 




+1 


nA 


V|N - VcctoOV 


Input Leakage Current 
(Port 2, CS, PROG! 


hL2 


-1 




+ 1 


«A 


V|N = V C cto0V 


V c c Supplv Currant 


'CC, 






300 


HA 




Power Down Supply Current 


!CC2 






10 


«A 




Note: (T) Refer to graph of add 


tionelsink 


:urrent drive 











DC CHARACTERISTICS 



i C; Vcc'+5Vi 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Code Valid Before PROG 


<A 


100 






ns 


80 pF Load 


Code Valid After PROG 


<B 


60 






ns 


20 pF Load 


Data Valid Before PROG 


<C 


200 






ns 


80 pF Load 


Data Valid After PROG 


»D 


20 






ns 


20 pF Load 


Port 2 Floating After PROG 


«H 







150 


ns 


20 pF Load 


PROG Negative Pulse Width 


tK 


900 






ns 




Ports 4-7 Valid After PROG 


tpo 






700 


ns 


100 pF Load 


Ports 4-7 Valid Before/After PROG 


<LP1 


100 






ns 




Port 2 Valid After PROG 


«ACC 






750 


ns 


80 pF Load 


CS Valid Before/After PROG 


'CS 


50 






ns 





AC CHARACTERISTICS 



>fe 



INSTRUCTION 



y 



>: 



TIMING WAVEFORMS 






OUTPUT VALID 



X 



% 



PHEVIOUS OUTPUT VALID 



INPUT VALID 



- Hi 



"* y/6uTPUT 
. ^ VALID 
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PACKAGE OUTLINE 
MPD82C43 



fiPD82C43 



CURRENT SINKING 

CAPABILITY© ,2S " 1 



10 11 12 13 14 15 16 



MAXIMUM SINK CURRENT AT ANY PIN <V |_ " <>.4V» 
MAXIMUM Iql WORST CASE PIN IN mA. 



Note: (D This curve plots the guaranteed v 



irrent sinking capability of any I/O port line 



The mPD82C43 is capable of sinking 5 mA (for V 0L = 0.4V) through each of the 16 I/O lines i 
curve shows how the individual I/O line drive increases if alt the I/O lines are not fully loaded. 



sus the total sink c 
Tiultaneously. The c 




PLASTIC 



ITEM 


MILLIMETERS 


INCHES 


A 


33 MAX 


1.3 MAX 


B 


2.63 


0.1 


C 


2.34 


0.1 





0.5 s 0.1 


0.02 : 0.004 


e 


27.94 


1.1 


F 


1.S 


0.059 


G 


2.S4 MIN 


0.1 MIN 


H 


0.S MIN 


0.02 MIN 


I 


S.22 MAX 


0.205 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


1S.24 


0.8 


L 


13.2 


0.52 


M 


a,-* - 10 
-0.05 


♦0.004 
0.01 

-0.0019 
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fiPD8251 
M PD8251A 



PROGRAMMABLE COMMUNICATION INTERFACES 



DESCRIPTION The*uPD8251 and,uPD8251A Universal Synchronous/Asynchronous Receiver/ 

Transmitters (USARTs) are designed for microcomputer systems data communications. 
The USART is used as a peripheral and is programmed by the 8080A or other 
processor to communicate in commonly used serial data transmission techniques includ- 
ing IBM Bi-Sync. The USART receives serial data streams and converts them into 
parallel data characters for the processor. While receiving serial data, the USART will 
also accept data characters from the processor in parallel format, convert them to serial 
format and transmit. The USART will signal the processor when it has completely 
received or transmitted a character and requires service. Complete USART status 
including data format errors and control signals such as TxE and SYNDET, is available 
to the processor at any time. 

FEATURES • Asynchronous or Synchronous Operation 

— Asynchronous: 

Five 8-Bit Characters 

Clock Rate - 1, 16 or 64 x Baud Rate 

Break Character Generation 

Select 1, 1-1/2, or 2 Stop Bits 

False Start Bit Detector 

Automatic Break Detect and Handling (<uPD8251 A) 

— Synchronous: 

Five 8-Bit Characters 

Internal or External Character Synchronization 

Automatic Sync Insertion 

Single or Double Sync Characters 

• Baud Rate (1X Mode) - DC to 56K Baud (/uPD8251) 

- DC to 64K Baud (/XPD8251A) 

• Full Duplex, Double Buffered Transmitter and Receiver 

• Parity, Overrun and Framing Flags 

• Fully Compatible with 8080 A/8085///PD 780 (Z80TM) 

• AH Inputs and Outputs are TTL Compatible 

• Single +5 Volt Supply, + 10% (8251 A) ±5% (8251) 

• Separate Device Receive and Transmit TTL Clocks 

• 28 Pin Plastic DIP Package 

• N-Channel MOS Technology 



PIN NAMES 



PIN CONFIGURATION 



D 2 C 
RxDC 

gndC 

D7C 

T*cC 
WR C 

c/DC 
rdC 

RxRDYf" 



V 



8251/ 
8251 A 



D D, 
3 D 

3 v cc 

Dfnr 
3 dtr" 

3 RTS 
3 DSR" 
ID RESET 
3 CLK 
3 T*D 

3 



TxE 

CTS" 

SYNDET <i.PD8251) 

SYNDET/BD (jjPD8251A> 

TxRDY 



D 7 D 


Dm* Bui (8 bitt) 


c/B 


Control or Data ii to ba Written or Raad 


fft> 


Raad Data Command 


wfi 


Write Data or Control Command 


3 


Chip Enable 


CLK 


Clock Pulia (TTL) 


RESET 


Reset 


T*E 


Transmitter Clock (TTL) 


TxD 


Transmitter Data 


R«C 


Receiver Clock (TTL) 


RxO 


Receiver Data 


RkRDY 


Receiver Ready (has character for 8080) 


TxRDY 


Transmitter Ready (ready for char, from 8080) 


d£r 


Data Set Ready 


DTR 


Data Terminal Ready 


SYNDET 


Sync Detect 


SYNDET/BD 


Sync Detect/Break Detect 


RTS 


Request to Send Data 


CTS 


Clear to Send Data 


TxE 


Transmitter Empty 


V CC 


+6 Volt Supply 


GND 


Ground 



El 



TM: Z80 is a registered trademark of Zilog, Inc. 
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fiPD8251/8251A 



The MPD8251 and MPD8251 A Universal Synchronous/ Asynchronous Receiver/ FUNCTIONAL 

Transmitters are designed specifically for 8080 microcomputer systems but work with DESCRIPTION 
most 8-bit processors. Operation of the ;ixPD8251 and MPD8251 A, like other I/O devices 
in the 8080 family, are programmed by system software for maximum flexibility. 

In the receive mode, the pPD8251 or /iPD8251 A converts incoming serial format data 
into parallel data and makes certain format checks. In the transmit mode, it formats 
parallel data into serial form. The device also supplies or removes characters or bits that 
are unique to the communication format in use. By performing conversion and format- 
ting services automatically, the USART appears to the processor as a simple or "trans- 
parent" input or output of byte-oriented parallel data. 



The pPD8251 A is an advanced design of the industry standard 8251 USART. It 
operates with a wide range of microprocessors, including the 8080, 8085, and 
AiPD780 (Z80™). The additional features and enhancements of the /UPD8251 A over 
the MPD8251 are listed below. 

1. The data paths are double-buffered with separate I/O registers for control, status. 
Data In and Data Out. This feature simplifies control programming and min- 
imizes processor overhead. 

2. The Receiver detects and handles "break" automatically in asynchronous 
operations, which relieves the processor of this task. 

3. The Receiver is prevented from starting when in "break" state by a refined Rx 
initialization. This also prevents a disconnected USART from causing unwanted 
interrupts. 

4. When a transmission is concluded the TxD line will always return to the marking 
state unless SBRK is programmed. 

5. The Tx Disable command is prevented from halting transmission by the Tx 
Enable Logic enhancement, until all data previously written has been trans- 
mitted. The same logic also prevents the transmitter from turning off in the mid- 
dle of a word. 

6. Internal Sync Detect is disabled when External Sync Detect is programmed. An 
External Sync Detect Status is provided through a flip-flop which clears itself 
upon a status read. 

7. The possibility of a false sync detect is minimized by: 

— ensuring that if a double sync character is programmed, the characters be 
contiguously detected. 

- clearing the Rx register to all Logic 1s (Vqh) whenever the Enter Hunt com- 
mand is issued in Sync mode. 

8. The RD and WR do not affect the internal operation of the device as long as the 
/JPD8251 A is not selected. 

9. The pPD8251 A Status can be read at any time, however, the status update will 
be inhibited during status read. 

10. The /xPD8251 A has enhanced AC and DC characteristics and is free from 
extraneous glitches, providing higher speed and improved operating margins. 

11. Baud rate from DC to 64K. 



MPD8251A FEATURES AND 
ENHANCEMENTS 



C/D 


RD 


WR 


cs 










1 





MPD8251/A1PD8251A-* Data Bus 





1 








Data Bus^juPD8251//iPD8251A 


1 





1 





Status -* Data Bus 


1 


1 








Data Bus -> Control 


X 


X 


X 


1 


Data Bus -* 3-Stste 


X 


1 


1 






TM: Z80 is a registered trademark of Zilog, Inc. 



BASIC OPERATION 
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pPD8251/8251A 



BLOCK DIAGRAM 



D '- D °C£> 



DATA 

BUS 

BUFFER 




READ/WRITE 

CONTROL 

LOGIC 




\0> 



o 



c 



TRANSMIT 

BUFFER 

IP-S) 



RECEIVE 

BUFFER 

IS -PI 



■ TxE 
TxC 



■ SYNOET( w PD825M 
SYNDET/BD (*iP08251Al 



ABSOLUTE MAXIMUM 
RATINGS* 



DC CHARACTERISTICS 



Operating Temperature -0 C to +70 C 

Storage Temperature -65°C to +150°C 

All Output Voltages -0.5 to +7 Volts 

All Input Voltages . . -0.5 to +7 Volts 

Supply Voltages -0.5 to +7 Volts 



'a 



25°C 



"COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
T a = 0°C to 70° C; V C C = 5.0V ± 10% for 8251A and ± 5% for 8251; GND = 0V. 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


M PD8251 


UPD8251A 


MIN 


TYP 


MAX 


MIN 


MAX 


Input Low Voltage 


VlL 


-0.5 




0.8 


0.5 


0.8 


V 




Input High Voltage 


V|H 


2.0 




VCC 


2.2 


v C c 


V 




Output Low Voltage 


vol 






0,45 




0.45 


V 


jiPD8251: IrjL" 1-7 mA 
MPD8251A: IrjL _ 2.2 mA 


Output High Voltage 


VOH 


2.4 






2.4 




V 


MPD8251: Ioh--10G(jA 
*iPD8251A: Ioh"- 4 °0mA 


Data Bus Leakage 


IDL 






-50 




-10 


ma 


VquT * 0.45V 


10 




10 


VOUT- VCC 


Input Load Current 


Ml 






10 




10 


*iA 


At 5.5V 


Power Supply Current 


ice 




45 


80 






100 


mA 


MPD8251A-. All Outputs - 
Logic 1 



CAPACITANCE t a = 25°c ; v cc = gnd ■ 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C|N 






10 


PF 


fc - 1 MHz 

Unmeasured 
pins returned 
to GND 


I/O Capacitance 


C|/Q 






20 


PF 
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pPD8251/8251A 

T„ - 0°C to 70°C; Vcc - 5.0V t 10% for 8261 A; GND - 0V; Vcc - 50V t 5% for 8251 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


uPD8251 


uPD8215A 


MIN 1 MAX 


MIN 1 MAX 


READ 


Address Stable before READ, (C5, C7T3] 


<AR 


50 




50 




ns 




Address Hold Time for READ, (£S, Sti 


tRA 


5 




50 




ns 




READ Pulse Width 


'RR 


430 




250 




ns 




Data Delay from READ 


'RD 




350 




250 


ns 


uPD8251: Cl ■ 100 pF 
uPD8251A: Cl " 1 50 pF 


READ to Data Floating 


IDF 


26 


200 


10 


100 


ns 


«PD8251 ^"!°°f 
C(_ a 1 5 pF 


WRITE 


Address Stable before WRITE 


'AW 


20 




50 




ns 




Address Hold Time for WRITE 


'WA 


20 




50 




ns 




WRlTl! Pulse Width 


'WW 


400 




2S0 




ns 




Data Set-Up Time for WRITE" 


'DW 


200 




150 




ns 




Data Hold Time for WRITE 


two 


40 




30 




ns 




Recovery Time Between WRITES @ 


IRV 


6 




6 




'CY 




OTHER TIMING 




Clock Period (3) 


'CY 


0.420 


1.35 


0.32 


1.35 


us 




Clock Pulse Width High 


'«W 


220 


0.7t CY 


140 


tCY-90 


ns 




Clock Pulse Width Low 


'»W 






90 




ns 




Clock Rise and Fall Time 


'R.«F 





50 


5 


20 


ns 




TxD Delay from Falling Edge of TxC 


'DTx 




1 




1 


us 


«PD8251: C L - 100 pF 


Rx Data Set-Up Time to Sampling Pulse 


'SRx 


2 




2 




us 


Rx Data Hold Time to Sampling Pulse 


'HRx 


2 




2 




"S 


Transmitter Input Clock Frequency 
IX Baud Rate 
16X Baud Rate 
64X Baud Rate 


<Tx 


DC 


56 




64 


kHz 




DC 


520 




310 


kHz 




DC 


520 




615 


kHz 




Transmitter Input Clock Pulse Widtn 
IX Baud Rate 
16X and64X Baud Rale 


'TPW 


12 




12 




'CY 








1 




'CY 




Transmitter Input Clock Pulse Delay 
IX Baud Rate 
16X and64X Baud Rate 


'TPD 


15 




15 




'CY 




" 3" 




3 




•CY 




Receiver Input Clock Frequency 
IX Baud Rate 
16X Baud Rate 
64X Baud Rate 


'Rx 


DC 


56 




64 


kHz 




DC 


520 




310 


kHz 




bC 


556 




615 


kHz 




Receiver Input Clock Pulse Width 
IX Baud Rate 
16X and64X Baud Rate 


'RPW 


12 




12 




'CY 




1 




1 




ICY 




Receiver Input Clock Pulse Delay 
IX Baud Rate 
16X and64X Baud Rate 


'RPD 


15 




15 








3 




3 




'CY 




TxRDY Delay from Center of Data Bit 


'Tx 




16 




8 


'CY 


uPD8251 Cl = 50 pF 


RxRDY Delay from Center of Data Bit 

Internal SYNDET Delay from Center 
of Data Bit 


'RX 
'IS 




20 
25 




24 
24 


■ICY 
'CY 




External SYNDET Set-Up Time before 
Falling Edge of RxC 


'ES 


16 




16 




'CY 




TxEMPTY Delay from Center of Data Bit 


'TxE 




16 




20 


'CY 


uPD8251: C L =■ 50 pF 


Control Delay from Rising Edge of 
WRITE (TxE, DTR.RTS) 


'WC 




16 




8 


'CY 




Control to READ Set-Up Time (DSR, CTSI 


'CR 


16 




20 




'CY 





Notes: Q) AC timings measured at Voh * 2.0, Vql - 0.8, and with load circuit of Figure 1 . 

© This recovery time is for initialization only, when MODE, SYNC1, SYNC2. COMMAND and first DATA BYTES i 
written into the USART. Subsequent writing of both COMMAND and DATA are only allowed when TxRDY - 1 . 
Q) The TxC and RxC frequencies have the following limitations with respect to CLK. 
For 1 X Baud Rate, fTx orffl x < I /(30 tCY> 
For 16X and64X Baud Rate, fjx f'Rx * 1/(4.5 tCY> 
® Reset Pulse Width • 6 tCY minimum.' 
© T T xR0YCCR -2Tcy + T,(, + Tr + 200ns 
© t RXRDYCLR- 2t CY+T,j + Tr + 170ns 

2V 

>510n(82E>1) 
; ' 420n (8251 A) 



+20 




t C L 



24K (8251) 
6K (8251A) 























^SPEC 













Figure 1. 



-50 



+50 +100 



A CAPACITANCE (pF) 

Typical A Output 
Delay Versus A Capacitance (pF) 



TEST LOAD CIRCUIT 
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fiPD8251/8251A 



TIMING WAVEFORMS 



A ]\ ¥ 

SYSTEM CLOCK INPUT 







-■ -tTPW »■ 


— tTPD- 








i- \ 


/ \ 


T " c " 6 " M0DE1 V\P- AAAAAAAAAAAAAAA/ 1 AAAAAAAAAAAAAA/WVW 

-H — 'DTX tDTX-H h*— 


TxOATA > * 


X 















TRANSMITTER CLOCK AND DATA 



(Rx BAUD COUNTER STARTS HERE) 



fixS Itx MODEI 



J—— — 'rpw _ 

L_ 8 RxC PERIODS _J„ 



16 RxC PERIODS (16x MODEI- 



6M0DE > V/\AA/vW^V\AAAAA/^WWWVV\AAAAAAAAAA/V 



ft 



3 



RECEIVER CLOCK AND DATA 



ITx RDY CLEAR 



'WW 
Y* ~ tDW -*■ ■*•"■) 'WD 



DATAINID.B.) 
C/D 



DON'T CARE l | "" | I "" DON'T CARE 
- £ DATA STABLE 3 



\'AW 



'wa!/ 



<WA^y~ 



WRITE DATA CYCLE (PROCESSOR -*■ USART) 



Rx RDY 
TO 

DATA OUT (D.B.) 
C/B 

C5 



3- 

— »| 'Rx 



"X 



ROY CLEAR 
'RR 



U- 'RD — - U- «OF 

4 I d DATA FLOAT 

■ {DATA OUT ACTIVE} - — 



r 



READ DATA CYCLE (PROCESSOR •*- USART) 
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fiPD8251/8251A 



© 



DTR, RTS- 



DATA IN (D.B.) 

C/D 
CS 



\_tww_/" 



■a 



h-tWC —| 



tDW 






tWA 



H, 



A 



TIMING WAVEFORMS 
(CONT.) 



WRITE CONTROL OR OUTPUT PORT CYCLE 
(PROCESSOR +USART) 



dsr.Sts 



© 



DATA OUT 
(D.B.) 



C/C" 



DC 



1 



|*-tR D 



7 — 

— [— tDF 



tRA 



— ►jtARf— — — j tR A [— — 



READ CONTROL OR INPUT PORT CYCLE 
(PROCESSOR ■*- USART) 

NOTES: CO Tyyc Includti th» rnponM timing of i control bvtf. 

(7) T c „ InetudM th« tHtcx of CT8 on tt» T.ENBL cifcultrv 




Tx READY 
(STATUS BIT) 



JI3. 



Wr DATA 1 Wr DATA 2 Wr DATA 3 Wr DATA A 



I — \ 



\m3ooootAi]aaooooc7Hmxicxxcr 



DATA CHAR! DATA CHAR 2 DATA CHAR 3 



7"T 



DATA CHAR 4 



EXAMPLE FORMAT - 7 BIT CHARACTER WITH PARITY AND 2 STOP BITS. 



f1« 



TRANSMITTER CONTROL AND FLAG TIMING 
(ASYNC MODE) 
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TIMING WAVEFORMS 
(CONT.) 



BREAK DETECT - 

OVERRUN ERROR 
(STATUS BITI- 



c/o_/ \_ 

m _ Wr RxEn t 
WR v / — 



FTD- 
Rx DATA ■ 



n 



XT 



1 DATA 
ICHAR 2 
■foLOST 



ERR 



V 



\ rwrmf^, imjxixf\ mxxxx x y * \ 



7~7 



Rst WrRxEni 



DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 



BREAK H H 
EXAMPLE FORMAT- 7 BIT CHARACTER WITH PARITY AND 2 STOP BITS, fc « > a. 



RECEIVER CONTROL AND FLAG TIMING 
(ASYNC MODE) 




PAR PAR PAR PAR PAR 
OATA DATA SYNC SYNC DATA DATA 
CHAR 1 CHAR 2 CHAR 1 CHAR 2 CHAR 3 CHAR 4MARKTNG 

STATE 

EXAMPLE FORMAT - 5 BIT CHARACTER WITH PARITY AND 2 SYNC CHARACTERS. 



PAR 1 SPACING I 
^_\ STATE I. 



TRANSMITTER CONTROL AND FLAG TIMING 
(SYNC MODE) 



SYNDET IS.BI 



Rx DATA 

r» clock: 




M.l.l.t.t.lf.M tttllMllftflltlltltilllMrti»t«tilitit*iMr.M»(ltl*IM 



juinnr 



jufflfir 



-SET SYNC DET 



RECEIVER CONTROL AND FLAG TIMING 
(SYNC MODE) 



Notes: Internal sync; 2 sync characters, 5 bits, with parity. 
Q> External sync, 5 bits, with parity. 
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PIN 


FUNCTION 


NO. 


SYMBOL 


NAME 


1. 2, 
27,28 
5-8 


D 7 -D 


Data Bus Buffer 


An 8-bit, 3-state bi-directional buffer used to 
interface the USART to the processor data 
bus. Data is transmitted or received by the 
buffer in response to input/output or Read/ 
Write instructions from the processor. The 
Data Bus Buffer also transfers Control words, 
Command words, and Status. 


26 


v C c 


Vcc Supply Voltage 


+5 volt supply 


4 


GND 


Ground 


Ground 


Read/Write Control Logic 


This logic block accepts inputs from the pro- 
cessor Control Bus and generates control signals 
for overall USART operation. The Mode 
Instruction and Command Instruction registers 
that store the control formats for device func- 
tional definition are located in the Read/ 
Write Control Logic. 


21 


RESET 


Reset 


A "one" on this input forces the USART into the 
"Idle" mode where it will remain until reinitial- 
ized with a new set of control words. Minimum 

RESET pulse width is 6 toy- 


20 


CLK 


Clock Pulse 


The CLK input provides for internal device tim- 
ing and is usually connected to the Phase 2 (TTL) 
output of the /iPB8224 Clock Generator. 
External inputs and outputs are not referenced 
to CLK, but the CLK frequency must be at 
least 30 times the Receiver or Transmitter 
clocks in the synchronous mode and 4.5 
times for the asynchronous mode. 


10 


WR 


Write Data 


A "zero" on this input instructs the USART 
to accept the data or control word which 
the processor is writing out on the 
data bus. 


13 


RD 


Read Data 


A "zero" on this input instructs the USART 
to place the data or status information 
onto the Data Bus for the processor to 
read. 


12 


C/D 


Control/Data 


The Control/Data input, in conjunction with the 
WR and RD inputs, informs the USART to 
accept or provide either a data character, 
control word or status information via the 
Data Bus. = Data; 1 = Control. 


11 


CS 


Chip Select 


A "zero" on this input enables the USART to 
read from or write to the processor. 


Modem Control 


The MPD8251 and mPD8251 A have a set of 
control inputs and outputs which may be used to 
simplify the interface to a Modem. 


22 


DSR 


Data Set Ready 


The Data Set Ready input can be tested by the 
processor via Status information. The DSR input 
is normally used to test Modem Data Set Ready 
condition. 


24 


DTR 


Data Terminal Ready 


The Data Terminal Ready output can be con- 
trolled via ttie Command word. The DTR output 
is normally used to drive Modem Data Terminal 
Ready or Rate Select lines. 


23 


RTS 


Request to Send 


The Request to Send output can be controlled 
via the Command word. The RTS output is 
normally used to drive the Modem Request to 
Send line. 


17 


CTS 


Clear to Send 


A "zero" on the Clear to Send input enables the 
USART to transmit serial data if the TxEN bit in 
the Command Instruction register is enabled 
(one). 



PIN IDENTIFICATION 
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TRANSMIT BUFFER 



The Transmit Buffer receives parallel data from the Data Bus Buffer via the internal 
data bus, converts parallel to serial data, inserts, the necessary characters or bits needed 
for the programmed communication format and outputs composite serial data on the 
TxD pin. 



PIN 



DENTIFICATION 
(CONT.) 



• PIN 


FUNCTION 


NO. | SYMBOL | NAME 


Transmit Control Logic 


The Transmit Control Logic accepts and outputs 
all external and internal signals necessary for 
serial data transmission. 


15 


TxRDY 


Transmitter Ready 


Transmitter Ready signals the processor that the 
transmitter is ready to accept a data character. 
TxRDY can be used as an interrupt or may be 
tested through the Status information for polled 
operation. Loading a character from the processor 
automatically resets TxRDY, on the leading edge. 


18 


TxE 


Transmitter Empty 


The Transmitter Empty output signals the 
processor that the USART has no further char- 
acters to transmit. TxE is automatically reset 
upon receiving a data character from the pro- 
cessor. In half-duplex, TxE can be used to signal 
end of a transmission and request the processor 
to "turn the line around." The TxEn bit in the 
command instruction does not effect TxE. 
In the Synchronous mode, a "one" on this out- 
put indicates that a Sync character or charac- 
ters are about to be automatically transmitted 
as "fillers" because the next data character has 
not been loaded. 


9 


TxC 


Transmitter Clock 


The Transmitter Clock controls the serial charac- 
ter transmission rate. In the Asynchronous 
mode, the TxC frequency is a multiple of the 
actual Baud Rate. Two bits of the Mode Instruc- 
tion select the multiple to be 1x, 16x, or 64x 
the Baud Rate. In the Synchronous mode, the 
TxC frequency is automatically selected to 
equal the actual Baud Rate. 
Note that for both Synchronous and Asynchro- 
nous modes, serial data is shifted out of the 
USART by the falling edge of TxC. 


; 19 


TxD 


Transmitter Data 


The Transmit Control Logic outputs the 
composite serial data stream on this pin. 



MPD8251 ANDmPD8251A 

INTERFACE TO 8080 

STANDARD SYSTEM BUS 



ADDRESS BUS 



A 



CONTROL BUS 



I/O R 



02 
(TTL) 




7^ 



<> * 



Q Q 



C/D CS ■ D-; - D RD WR RESET CLK 

MPD8251/8251A 
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The Receive Buffer accepts serial data input at the RxD pin and converts the data 
from serial to parallel format. Bits or characters required for the specific communica- 
tion technique in use are checked and then an eight-bit "assembled" character is 
readied for the processor. For communication techniques which require less than 
eight bits, the /uPD8251 and /JPD8251 A set the extra bits to "zero." 



PIN 


FUNCTION 


NO. | SYMBOL | NAME 


Receiver Control Logic 


This block manages all activities related to 
incoming data. 


14 


RxRDY 


Receiver Ready 


The Receiver Ready output indicates that the 
Receiver Buffer is ready with an "assembled" 
character for input to the processor. For Polled 
operation, the processor can check RxRDY 
using a Status Read or RxRDY can be con- 
nected to the processor interrupt structure. 
Note that reading the character to the pro- 
cessor automatically resets RxRDY. 


25 


RxC 


Receiver Clock 


The Receiver Clock determines the rate at which 
the incoming character is received. In the Asyn- 
chronous mode, the RxC frequency may be 1.16 
or 64 times the actual Baud Rate but in the Syn- 
chronous mode the RxC frequency must equal 
the Baud Rate. Two bits in the mode instruction 
select Asynchronous at 1 x, 1 6x or 64x or Syn- 
chronous operation at 1x the Baud Rate. 

Unlike TxC, data is sampled by the_M_PD8251 and 
MPD8251 A on the rising edge of RxC. © 


3 


RxD 


Receiver Data 


A composite serial data stream is received by 
the Receiver Control Logic on this pin. 


16 


SYNDET 
(mPD8251) 


Sync Detect 


The SYNC Detect pin is only used in the 
Synchronous mode. The /uPD8251 may be pro- 
grammed through the Mode Instruction to 
operate in either the internal or external Sync 
mode and SYNDET then functions as an output 
or input respectively. In the internal Sync mode, 
the SYNDET output will go to a "one" when 
the MPD8251 has located the SYNC character 
in the Receive mode. If double SYNC 
character (bi-sync) operation has been pro- 
grammed, SYNDET will go to "one" in the 
middle of the last, bit of the second SYNC 
character. SYNDET is automatically reset to 
"zero" upon a Status Read or RESET. In the 
external SYNC mode, a "zero" to "one" transi- 
tion on the SYNDET input will cause the 
/jPD8251 to start assembling data character 
on the next falling edge of RxC. The length of 
the SYNDET input should be at least one RxC 
period, but may be removed once the 
MPD8251 is in SYNC. 


16 


SYNDET/BD 
(MPD8251A) 


Sync Detect/ 
Break Detect 


The SYNDET/BD pin is used in both Synchro- 
nous and Asynchronous modes. When in SYNC 
mode the features for the SYNDET pin 
described above apply. When in Asynchro- 
nous mode, the Break Detect output will go 
high which all zero word of the programmed 
length is received. This word consists of: start 
bit, data bit, parity bit and one stop bit. Reset 
only occurs when Rx data returns to a logic 
one state or upon chip reset. The state of 
Break Detect can be read as a status bit. 



RECEIVE BUFFER 



PIN IDENTIFICATION 

(CONT.) 



Note: (T) Since the mPD8251 and M p D825t A will frequently be handling both the receptio n and 
transmission for a given link, the Receive and Transmit Baud Rates will be same. RxC 
and TxC then require the same frequency and may be tied together and connected to 
a single clock source or Baud Rate Generator. 

Examples: If the Baud Rate equals 1 10 (Async): If the Baud Rate equals 300: 

RxC or TxC equals 110 Hz (1x) RxC or fxC equals 300 Hz (1x) A or S 

RxC or TxC equals 1.76 KHz (16x) RxC or TxC equals 4800 Hz (16x) A only 

RxC or TxC equals 7.04 KHz (64x) RxC or TxC equals 19.2 KHz (64x) A only 
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OPERATIONAL A set of control words must be sent to thejuPD8251 andMPD8251A to define the 
DESCR IPTION desired mode and communications format. The control words will specify the BAUD 
rate factor (1x, 16x, 64x), character length (5 to 8), number of STOP bits (1, 1-1/2, 
2) Asynchronous or Synchronous mode, SYNDET (IN or OUT), parity, etc. 



After receiving the control words, the /xPD8251 and juPD8251 A are ready to commu- 
nicate. TxRDY is raised to signal the processor that the USART is ready to receive a 
character for transmission. When the processor writes a character to the USART, 
TxRDY is automatically reset. 

Concurrently, the//PD8251 and juPD8251A may receive serial data; and after 
receiving an entire character, the RxRDY output is raised to indicate a completed 
character is ready for the processor. The processor fetch will automatically reset 
RxRDY. 



USART PROGRAMMING 



Note: The //PD8251 and /iPD8251 A may provide faulty RxRDY for the first read 
after power-on or for the first read after receive is re-enabled by a command 
instruction (RxE). A dummy read is recommended to clear faulty RxRDY. 
But this is not the case for the first read after hardware or software reset 
after the device operation has once been established. 

The /L/PD8251 and juPD8251 A cannot transmit until the TxEN (T ransm itter 
Enable) bit has been set by a Command Instruction and until the CTS (Clear 
to Send) input is a "zero". TxD is held in the "marking" state after Reset 
awaiting new control words. 

The USART must be loaded with a group of two to four control words provided by 
the processor before data reception and transmission can begin. A RESET (internal or 
external) must immediately proceed the control words which are used to program the 
complete operational description of the communications interface. If an external 
RESET is not available, three successive 00 Hex or two successive 80 Hex command 
instructions (C/D =1) followed by a. software reset command instruction (40 Hex) 
can be used to initialize thejiPD8251 and jlzPD8251 A. 

There are two control word formats: 

1. Mode Instruction 

2. Command Instruction 



MODE INSTRUCTION 



This control word specifies the general characteristics of the interface regarding the 
Synchronous or Asynchronous mode, BAUD rate factor, character length, parity, and 
number of stop bits. Once the Mode Instruction has been received, SYNC characters 
or Command Instructions may be inserted depending on the Mode Instruction content. 



El 



COMMAND INSTRUCTION 



This control word will be interpreted as a SYNC character definition if immediately 
preceded by a Mode Instruction which specified a Synchronous format. After the 
SYNC character(s) are specified or after an Asynchronous Mode Instruction, all sub- 
sequent control words will be interpreted as an update to the Command Instruction. 
Command Instruction updates may occur at any time during the data block. To 
modify the Mode Instruction, a bit may be set in the Command Instruction which 
causes an internal Reset which allows a new Mode Instruction to be accepted. 
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C/D - 1 
CO - 1 
C/D 1 
C/D 1 



MODE INSTRUCTION 



SYNC CHARACTER 1 



SYNC CHARACTER 2 



COMMAND INSTRUCTION 



CD - * 



SYNC MODE 

DM I V W 



COMMAND INSTRUCTION 



C/D - £ 



C /D = 1 COMMAND INSTRUCTION 



NOTE (j_) The second SYNC character is skipped if MODE instruction has pro- 
grammed the M p D8251 and juPD8251A to single character Internal 
SYNC Mode. Both SYNC characters are skipped if MODE 
instruction has programmed the jiPD8251 and ^PD8251 A to ASYNC 
mode. 

The /^PD8251 and /l<PD8251 A can operate in either Asynchronous or Synchronous 
communication modes. Understanding how the Mode Instruction controls the 
functional operation of the USART is easiest when the device is considered to be two 
separate components (one asynchronous and the other synchronous) which share the 
same support circuits and package. Although the format definition can be changed at 
will or "on the fly," the two modes will be explained separately for clarity. 

When a data character is written into the p<PD8251 and /ljPD8251 A, the USART 
automatically adds a START bit (low level or "space") and the number of STOP bits 
(high level or "mark") specified by the Mode Instruction. If Parity has been enabled, 
an odd or even Parity bit is inserted just before the STOP bit(s), as specified by the 
Mode Instruction. Then, depending on CTS and TxEN, the character may be trans- 
mitted as a serial data stream at the TxD output. Data is shifted out by the falling 
edge of TxC at TxC, TxC/16 or TxC/64, as defined by the Mode Instruction. 



TYPICAL DATA BLOCK 



MODE INSTRUCTION 
DEFINITION 



ASYNCHRONOUS 
TRANSMISSION 



If no data characters have been loaded into the /uPD8251 and /iPD8251A, or if all 
available characters have been transmitted, the TxD output remains "high" (marking) 
in preparation for sending the START bit of the next character provided by the 
processor. TxD may be forced to send a BREAK (continuously low) by setting the cor- 
rect bit in the Command Instruction. 

The RxD input line is normally held "high" (marking) by the transmitting device. 
A falling edge at RxD signals the possible beginning of a START bit and a new 
character. The START bit is checked by testing for a "low" at its nominal center 
as specified by the BAUD RATE. If a "low" is detected again, it is considered valid, 
and the bit assembling counter starts counting. The bit counter locates the approxi- 
mate center of the data, parity (if specified), and STOP bits. The parity error flag (PE) 
is set, if a parity error occurs. Input bits are sampled at the RxD pin with the rising 
edge of RxC. If a high is not detected for the STOP bit, which normally signals the end 
of an input character, a framing error (FE) will be set. After a valid STOP bit, the input 
character is loaded into the parallel Data Bus Buffer of the A<PD8251 and /JPD8251 A 
and the RxRDY signal is raised to indicate to the processor that a character is ready to 
be fetched. If the processor has failed to fetch the previous character, the new charac- 
ter replaces the old and the overrun flag (OE) is set. All the error flags can be reset 
by setting a bit in the Command Instruction. Error flag conditions will not stop sub- 
sequent USART operation. 
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ASYNCHRONOUS 
RECEIVE 



fiPD8251/8251A 



D 7 < 6 D 5 D 4 D 3 Q 2 D, D 



S 2 



PEN L 2 L, 



BAUD RATE FACTOR 



SVNT 

MODE (1X) ,16X * (64X) 



CHARACTER LENGTH 



PARITY ENABLE 
1 ENABLE DISABLE 

EVEN PARITY GENERATION/CHECK 
J .EVEN . ODD 

. NUMBER OF STQP BITS 



-..- ■•• 


1 





1 








1 


1 


INVALID 


1 
BIT 


BITS 


2 

BITS 



TxD MARKING 



START 
BIT 



D D, D 2 



© 



DATA BITS 
( 1 



PARITY 
BIT 



TRANSMITTER OUTPUT 

D Oi D 2 ,. 



START 
BIT 



DATA BITS 

T-ri> 



PARITY 
BIT 



RECEIVER INPUT 



PROCESSOR BYTE (.5-8 BITS/CHAR I 



DATA CHARACTER 
lh __ 



ASSEMBLED SERIAL DATA OUTPUT (TxDI 



START 
BIT 



DATA CHARACTER 



-<f- 



PARITY 
BIT 



START 
BIT 



TRANSMISSION FORMAT 



SERIAL DATA INPUT (RxD) 

ti 



DATA CHARACTER 
— JJ 



PARITY 
BIT 



PROCESSOR BYTE (5-8 BITS/CHAR) © 

, , , 



DATA CHARACTER 
II 



STOP 
BITS 



STOP 
BITS 



-ff- 



STOP 

BITS 

— tf- 



-it- 



STOP 

BITS 

— if~ 



RECEIVE FORMAT 

§ Generated by >jPD8251/82!31 A 
Does not appear on the Data Bus. 
If Character length is defined as 5, 6, or 7 bits, the 
unused pits.are set to "zero" 
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As in Asynchronous transmission, the TxD output remains "high" (marking) 
until the pPD8251 and jiPD8251 A receive the first character (usually a SYNC 
character) from the proce ssor. After a Command Instruction has set TxEN and 
after Clear to Send (CTS) goes low, the f irst c haracter is serially tr ansm itted. 
Data is shifted out on the falling edge of TxC and the same rate as TxC. 

Once transmission has started, Synchronous Mode format requires that the serial data 
stream at TxD continue at the TxC rate or SYNC will be lost. If a data character is 
not provided by the processor before the yPD8251 and pPD8251 A Transmit 
Buffer becomes empty, the SYNC character(s) loaded directly following the Mode 
Instruction will be automatically inserted in the TxD data stream. The SYNC 
character(s) are inserted to fill the line and maintain synchronization until new data 
characters are available for transmission. If the /uPD8251 and ^PD8251 A become 
empty, and must send the SYNC character(s), the TxEMPTY output is raised to signal 
the processor that the Transmitter Buffer is empty and SYNC characters are being 
transmitted. TxEMPTY is automatically reset by the next character from the processor. 

In Synchronous Receive, character synchronization can be either external or internal. 
If the internal SYNC mode has been selected, and the Enter HUNT (EH) bit 
has been set by a Command Instruction, the receiver goes into the HUNT mode. 

Incoming data on the RxD input is sampled on the rising edge of RxC, and the 
Receive Buffer is compared with the first SYNC character after each bit has been 
loaded until a match is found. If two SYNC characters have been programmed, the 
next received character is also compared. When the SYNC character(s) programmed 
have been detected, the jiPD8251 and juPD82S1 A leave the HUNT mode and are in char- 
acter synchronization. At this time, the SYNDET (output) U set high. SYNDET is 
automatically reset by a STATUS READ. 

If external SYNC has been specified in the Mode Instruction, a "one" applied 
to the SYNDET (input) for at least one RxC cycle will synchronize the USART. 

Parity and Overrun Errors are treated the same in the Synchronous as in the 
Asynchronous Mode. If not in HUNT, parity will continue to be checked even 
if the receiver is not enabled. Framing errors do not apply in the Synchronous 
format. 

The processor may command the receiver to enter the HUNT mode with a Command 
Instruction which sets Enter HUNT (EH) if synchronization is lost. 

O, D 6 D 6 4 D 3 Do 0, D 



SYNCHRONOUS 
TRANSMISSION 



SYNCHRONOUS 
RECEIVE 



scs 


ESQ 


EP 


PEN 


<-? 


L l 


























CHARACTER LENGTH 











1 





t 






















1 


1 








- 








5 
BITS 


6 
BITS 


7 
BITS 


8 
BITS 


















11 ENABLEI 
10 OISABLEI 

EVEN PARITY GENERATION/CHECK 
1 EVEN 
ODD 

EXTERNAL SVNC DETECT 
) SYNOET IS AN INPUT 

SYNDET IS AN OUTPUT 

SINGLE CHARACTER SYNC 

1 SINGLE SYNC CHARACTER 
DOUBLE SYNC CHARACTER 













































MODE INSTRUCTION 
FORMAT 
SYNCHRONOUS MODE 
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TRANSMIT/RECEIVE 

FORMAT 

SYNCHRONOUS MODE 



jiPD8251/8251A 



PROCESSOR BYTES 1 5-8 BITSCHARI 
fi 



DATA CHARACTERS 

; —f y 



SYNC 
CHAR 1 



ASSEMBLED SERIAL DATA OUTPUT (TvDI 
f I 



SYNC 
CHAR :.' 



DATA CHARACTERS 
ii 



TRANSMIT FORMAT 



SERIAL DATA INPUT (RxDI 



COMMAND INSTRUCTION 
FORMAT 



STATUS READ FORMAT 



PARITY ERROR 



OVERRUN ERROR 



FRAMING ERROR ® 



SYNC 
CHAR 1 


SYNC 
CHAR :' 


| 1 f . 

DATA CHARACTERS 
_ 1 1 



PROCESSOR BYTES 15-8 BITS CHAR 



© 



DATA CHARACTERS 
(f 



RECEIVE FORMAT 

Note: (T) If character lencjth is defined as 5, 6 or 7 tuts, the unused 
bus are set to 'Vero." 

After the functional definition of the juPD8251 and ^PD8251 A has been specified by 
the Mode Instruction and the SYNC character(s) have been entered (if in SYNC mode), 
the USART is ready to receive Command Instructions and begin communication. A 
Command Instruction is used to control the specific operation of the format selected 
by the Mode Instruction. Enable Transmit, Enable Receive, Error Reset and Modem 
Controls are controlled by the Command Instruction. 

After the Mdde Instruction and the SYNC character(s) (as needed) are loaded, all 
subsequent "control writes" (C/D = 1) will load or overwrite the Command Instruction 
register. A Reset operation (internal via CMD IR or external via the RESET input) 
will cause the /jPD8251 and /L/PD8251 A to interpret the next "control write", which 
must immediately follow the reset, as a Mode Instruction. 

It is frequently necessary for the processor to examine the status of an active 
interface device to determine if errors have occurred or if there are other conditions 
which require a response from the processor. The juPD8251 and /2PD8251A have 
features which allow the processor to read the device status at any time. A data fetch 
is issued by the processor while holding the C/D input "high" to obtain device Status 
Information. Many of the bits in the status register are copies of external pins. This 
dual status arrangement allows the a<PD8251 andpPD8251 A to be used in both Polled 
and interrupt driven environments. Status update can have a maximum delay of 16 
clock periods in the aiPD8251 and 28 clock periods in the /uPD8251 A. 

When a parity error is detected, the PE flag is set. It is cleared by setting the 

ER bit in a subsequent Command Instruction. PE being set does not inhibit USART 

operation. 

If the processor fails to read a data character before the one following is available, 
the OE flag is set. It is cleared by setting the ER bit in a subsequent Command 
Instruction. Although OE being set does not inhibit USART operation, the 
previously received character is overwritten and lost. 

If a valid STOP bit is not detected at the end of a character, the FE flag is set. It 
is cleared by setting the ER bit in a subsequent Command Instruction. FE being set 
does not inhibit USART operation. 

Note: (T) ASYNC mode only. 
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06 D 6 D 4 D 3 D 2 0i D 



COMMAND INSTRUCTION 
FORMAT 



EH IR RTS ER SBRK RxE DTR TxEN 



TRANSMIT ENABLE 
1 ■ enable 
- disable 



DATA TERMINAL 

READY 

"high" will force DTR 
output to zero 



RECEIVE ENABLE 
1 = enable 
= disable 



SEND BREAK 

CHARACTER 

1 = forces TxD "low" 

" normal operation 



ERROR RESET 
1 ■ reset all error flags 
PE. OE. FE 



REQUEST TO SEND 
"high" will force RTS 
output to zero 



INTERNAL RESET 
"high" returns USART to 
Mode Instruction Format 



STATUS READ FORMAT 



ENTER HUNT MODE 
1 = enable search for Syn 
Characters © 



°6 



°5 



t>3 



°0 



SYNDET 
/BD 



RxRDY TxRDY 



"C 



SAME DEFINITIONS AS I/O PINS 



PARITY ERROR 

The PE flag is set when a parity 

error is detected. It is reset by 

the ER bit of the Command 

Instruction. PE does not inhibit 

operation of the uPD8261 and 

MPD8251A. 



OVERRUN ERROR 
The OE flag is set when the CPU 
does not read a character before 
the next one becomes available. 
It is reset by the ER bit of the 
Command Instruction. OE does 
not inhibit operation of the mPD8251 
and pPD8251 A. but. the pre- 
viously overrun character is lost. 



FRAMING ERROR (Async only) 
The FE flag is set when a valid 
Stop bit is not detected at the 
end of every character. It is reset 
by the ER bit of the Command 
Instruction. FE does not inhibit 
the operation of the yPD8251 and 
»iPD8251A. 



Notes: © No effect in ASYNC mode. 

© TxRDY status bit is not totally equivalent to the TxRDY output pin. the relationship 
is as follows: 
646 TxRDY status bit ■ DB Buffer Empty 

TxRDY (pin 15) - DB Buffer Empty • CTS • TxEn 
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APPLICATION OF THE juPD8251 
ANDmPD8251A 




ASYNCHRONOUS SERIAL INTERFACE TO CRT TERMINAL. 
DC to 9600 BAUD 



ADDRESS BUS 



CONTROL BUS 



MI 



11PO 
8251/ 
8261 A 



DSR 

DTR|d »» 

CTS 
RTS 



PHONE 
1INE 

INTER 
FACE 



BAUD 

RATE 

GENERATOR 



ASYNCHRONOUS INTERFACE TO TELEPHONE LINES 



] ADDRESS BUS \ 


1 1 - 


) CONTROL BUS "' 


s 


II II 


) DATA BUS 


\ 



MS 



liPD 
8251/ 
8251 A 



SYNCHRONOUS 

TERMINAL 

OR PERIPHERAL 

DEVICE 



SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 

\ ' ADDRESS BUS \ 




CONTROL BUS 



3 



mm 



RxD 

TxD 
mPO 

8251/ RxC 
8251A ■ fZc 

SYNDET 
CTS 
RTS 
DSR 

6Tr 


_ 


SYNC 
MODEM 




PHONE 

LINE 
INTER- 
FACE 


















>-m 
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*-B 



fii 






Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


38.0 MAX. 


1.496 MAX. 


B 


2.49 


0.098 


C 


2.54 


0.10 





0.5 t 0.1 


0.02 J 0.004 


E 


33.02 


13 


F 


1.5 


0.059 


G 


2.54 MIN. 


0.10 MIN. 


H 


0.5 M IN. 


0.02 MIN. 


I 


5.22 MAX. 


0.205 MAX. 


J 


5.72 MAX. 


0.225 MAX. 


K 


15.24 


0.6 


L 


13.2 


0.52 


M 


»-*iS 


„„, +0.004 
001 0.002 




packageoutlin.es 

MPD8251C 
MPD8251AC 



MPD8251D 
/xPD8251AD 






*-//-*- M 0°-l0°*- 



Ceramic 



ITEM 


MILLIMETERS 


INCHES 


A 


36.2 MAX. 


1.43 MAX. 


B 


1.59 MAX. 


0.06 MAX. 


C 


2.54 ± 0.1 


0.1 ± 0.004 


D 


0.46 ± 0.01 


0.02 ± 0.004 


E 


33.02 ± 0.1 


1.3 ± 0.004 


F 


1.02 MIN. 


0.04 MIN. 


G 


3.2 MIN. 


0.13 MIN. 


H 


1.0 MIN. 


0.04 MIN. 


I 


3.5 MAX. 


0.14 MAX. 


J 


4.5 MAX. 


0.18 MAX. 


K 


15.24 TYP. 


0.6 TYP. 


L 


14.93 TYP. 


0.59 TYP. 


M 


0.25 ± 0.05 


0.01 ± 0.002 
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*iPD8253-5 



PROGRAMMABLE INTERVAL TIMER 



DESCRIPTION The NEC juPD8253-5 contains three independent, programmable, multi-modal 16-bit 
counter/timers. It is designed as a general purpose device, fully compatible with the 
8080 family. The ;uPD8253-5 interfaces directly to the busses of the processor as an 
array of I/O ports. 

The AtPD8253-5 can generate accurate time delays under the control of system software. 
The three independent 16-bit counters can be clocked at rates from DC to 4 MHz. 
The system software controls the loading and starting of the counters to provide 
accurate multiple time delays. The counter output flags the processor at the comple- 
tion of the time-out cycles. 

System overhead is greatly improved by relieving the software from the maintenance 
of timing loops. Some other common uses for the juPD8253-5 in microprocessor based 
systems are: 

• Programmable Baud Rate Generator 

• Event Counter 

• Binary Rate Multiplier 

• Real Time Clock 

• Digital One-Shot 

• Complex Motor Controller 

• NEC Now Supplies //PD8253-5 to all /XPD8253 Requirements 

FEATURES • Three Independent 16-Bit Counters 

• Clock Rate: DC to 4 MHz 

• Count Binary or BCD 

• Single +5 Volt Supply, ±10% 

• 24 Dual-ln-Line Plastic Package 



PIN CONFIGURATION 



D7C 


1 


- -vy- 


24 


Uvcc 


DeC 


2 




23 


Dwr 


D 5 C 


3 




22 


3RD 


D4C 


4 




21 


I]cs 


D3C 


5 




20 


UA1 


D 2 £ 


6 


mpd 


19 


3a 


DlC 


7 


8253-5 


18 


3 CLK 2 


DoC 


8 




17 


3 OUT 2 


CLKOC 


9 




16 


3 GATE 2 


OUT0C 


10 




15 


DCLK1 


GATE £ 


11 




14 


3 GATE 1 


GNDf- 


12 




13 


DOUT1 



PIN NAMES 



D7-D0 


Data Bus (8-Bit) 


CLKN 


Counter Clock Inputs 


GATEN 


Counter Gate Inputs 


OUTN 


Counter Outputs 


RD 


Read Counter 


WR 


Write Command or Data 


CS 


Chip Select 


Ao.At 


Counter Select 


v C c 


+5 Volts 


GND 


Ground 
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Data Bus Buffer 

The 3-state, 8-bit, bi-directional Data Bus Buffer interfaces the /iPD8253-5 to the 
8080AF/8085A microprocessor system. It will transmit or receive data in accordance 
with the INput or OUTput instructions executed by the processor. There are three 
basic functions of the Data Bus Buffer. 

1 . Program the modes of the/xPD8253-5. 

2. Load the count registers. 

3. Read the count values. 
Read/Write Logic 

The Read/Write Logic controls the overall operation of the //PD8253-5 and is governed 

by inputs received from the processor system bus. 

Control Word Register 

Two bits from the address bus of the processor, An, and A-|, select the Control Word 

Register when both are at a logic "1" (active-high logic). When selected, the Control 

Word Register stores data from the Data Bus Buffer in a register. This data is then 

used to control: 

1. The operational MODE of the counters. 

2. The selection of BCD or Binary counting. 

3. The loading of the count registers. 
RD (Read) 

This active-low signal instructs the /xPD8253-5 to transmit the selected counter value 

to the processor. 

WR (Write) 

This active-low signal instructs the /iPD8253-5 to receive MODE information or 

counter input data from the processor. 

A<|,Ao 

The A-] and Arj inputs are normally connected to the address bus of the processor. 
They control the one-of-three counter selection and address the control word register 
to select one of the six operational MODES. 
CS (Chip Select) 

The juPD8253-5 is enabled when an active-low signal is applied to this input. Reading 
or writing from this device is inhibited when the chip is disabled. The counter opera- 
tion, however, is not affected. 
Counters #0, #1, #2 

The three identical, 16-bit down counters are functionally independent allowing for 
separate MODE configuration and counting operation. They function as Binary or 
BCD counters with their gate, input and output line configuration determined by the 
operational MODE data stored in the Control Word Register. The system software 
overhead time can be reduced by allowing the control word to govern the loading of 
the count data. 

The programmer, with READ operations, has access to each counter's contents. The 
MPD8253-5 contains the commands and logic to read each counter's contents while 
still counting without disturbing its operation. 

The following is a table showing how the counters are manipulated by the input signals 
to the Read/Write Logic. 



FUNCTIONAL 
DESCRIPTION 



CS 


RD 


Wr 


A1 


A 


FUNCTION 





1 











Load Counter No. 





1 








1 


Load Counter No. 1 





1 





1 





Load Counter No. 2 





1 





1 


1 


Write Mode Word 








1 








Read Counter No. 








1 





1 


Read Counter No. 1 








1 


1 





Read Counter No. 2 








1 


1 


1 


No-Operation, 3-State 


1 


X 


X 


X 


X 


Disable, 3-State 





1 


1 


X 


X 


No-Operation, 3-State 
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BLOCK DIAGRAM 



PROCESSOR PROCESSOR PROCESSOR 

ADDRESS CONTROL DATA 

BUS BUS BUS 



DATA 

BUS 

BUFFER 



» 



SB reao/ 

WRITE 
A t LOGIC 



CONTROL 

WORD 
REGISTER 



c 



<=> 



c 



c> 



o 



IUPD8253-S 



ABSOLUTE MAXIMUM Operating Temperature 0°Cto +70°C 

RATINGS* Storage Temperature -65°C to +150°C 

Voltage on Any Pin -0.5 to +7 VoltsCl) 

Note: (V) With respect to ground. 
T a «25°C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This Is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

DC CHARACTERISTICS T a = o cto+70 c ; vcc = + 5V± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 


-0.5 




0.8 


V 




Input High Voltage 


V|H 


2.0 




Vcc+0-5 


V 




Output Low Voltage 


vol 






0.45 


V 


lOL " 2 - 2 mA 


Output High Voltage 


VOH 


2.4 






V 


l O H"-400*iA 


Input Load Current 


'IL 






±10 


M 


V|N*V C Cto0V 


Output Float Leakage Current 


'OFL 






±10 


HA 


v OUT = v CCt° 0V 


V(x Supply Current 


'cc 






140 


mA 





El 



CAPACITANCE T a = 25° c ; v C c = gnd = ov 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C|N 






10 


pF 


f c = 1 MH2 

Unmeasured pins returned 

to Vss- 


Input/Output Capacitance 


Cl/O 






20 


pF 
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T -0 o Cto+70 o C;V cc -+6V± 10%;GND- 


OV 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


U PD8253 5 


MIN I TYP I MAX 


READ 




Address Stable Before READ 


'AR 









ns 




Address Hold Time for WW 


<RA 









ns 




READ Pulse Width 


«RR 


250 






ns 




Data Delay from"REAb' 


tRD 






170 


ns 


CL = 150 pF 


READ to Data Floating 


<DF 


25 




100 


ns 


CL« 150 pF 


WRITE 


Address Stable Before WRITE 


<AW 









ns 




Address Hold Time for 'WrTtI 


l WA 









ns 




WRITE Pulse Width 


*WW 


250 






ns 




Oata Set Up Time for'WFflTE'' 


tQW 


150 






ns 




Data Hold Time for WRITE 


«WD 









ns 




Recovery Time Between WRITES 


l RV 


1 






us 




CLOCK AND GATE TIMING 


Clock Period 


'CLK 


250 




DC 


ns 




High Pulse Width 


«PWH 


160 






ns 




Low Pulse Width 


*PWL 


90 






ns 




Gate Pulse Width High 


«GW 


150 






ns 




Gate Set Up Time to Clock 1 


<GS 


100 






ns 




Gate Hold Time After Clock t 


«GH 


50 






ns 




Low Gate Width 


'GL 


100 






ns 




Output Delay from Clock 1 


too 






300 


ns 


CL= 150 pF 


Output Delay from Gate 


tQDG 






300 


ns 


CL - 150 pF 



AC CHARACTERISTICS© 



Note: © AC Timing Measured at Vqh - 2.2V; Vql - 0.8V. 



S ft. 



TIMING WAVEFORMS 



m '\j™j° 



DATA BUS%^^>HIGH IMPEDANCE^g^ VALID 



X 



READ TIMING 



*7777rrrrrT77; 

HIGH IMPEDANCE 



o: 



y 



x 



:c 



'WW 



WRITE TIMING 

-'CLK H'GS" 




CLOCK AND GATE TIMING 
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PROGRAMMING The programmer can select any of the six operational MODES for the counters using 
THE /iPD8253-5 system software. Individual counter programming is accomplished by loading the 

CONTROL WORD REGISTER with the appropriate control word data (An., Ai = 11) 



CONTROL WORD FORMAT 



[E 



D2 I D1 l Dp" 



D6 



D5 



P4 I D3 



SCI 1 SCO I RL1 I RLO j M2 



M1 MO BCD 



SC - Select Counter 



SC1 


SCO 










Select Counter 





1 


Select Counter 1 


1 





Select Counter 2 


1 


1 


Invalid 



R L - Read/Load 



RL1 


RLO 










Counter Latching Operation 


1 





Read/Load Most Significant Byte Only 





1 


Read/Load Least Significant Byte Only 


1 


1 


Read/Load Least Significant Byte First, Then Most 
Significant Byte 



BCD 



Binary Counter, 16-Bits 



BCD Counter, 4-Decades 



M-Mode 



M2 


M1 


MO 













Mode 








1 


Mode 1 


X 


1 





Mode 2 


X 


1 


1 


Mode 3 


1 








Mode 4 


1 





1 


Mode 5 
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Each of the three counters can be individually programmed with different operating OPERATIONAL MODES ^ 

MODES by appropriately formatted Control Words. The following is a summary of the 
MODE operations. 

Mode 0: Interrupt on Terminal Count 

The initial MODE set operation forces the OUTPUT low. When the specified counter is 
loaded with the count value, it will begin counting. The OUTPUT will remain low until 
the terminal count sets it high. It will remain in the high state until the trailing edge of 
the second WR pulse loads in COUNT data. If data is loaded during the counting 
process, the first WR stops the count. Counting starts with the new count data triggered 
by the falling clock edge after the second WR. If a GATE pulse is asserted while count- 
ing, the count is terminated for the duration of GATE. The falling edge of CLK follow- 
ing the removal of GATE restarts counting from the terminated point. 

««JiJTJxrxnjTjTxuiJTJiJT-n_ 



n 



Mode 1 : Programmable One-Shot 

The OUTPUT is set low by the falling edge of CLOCK following the trailing edge of 
GATE. The OUTPUT is set high again at the terminal count. The output pulse is not 
affected if new count data is loaded while the OUTPUT is low. The new data will be 
loaded on the rising edge of the next trigger pulse. The assertion of a trigger pulse 
while OUTPUT is low, resets and retriggers the One-Shot. The OUTPUT will remain 
low for the full count vaJue after the rising edge of TRIGGER. 

=".jnJTJ~UTJTjnJTJTJTJTJ~UTJ"l_ 



J 

— L 



Mode 2: Rate Generator 

The RATE GENERATOR is a variable modulus counter. The OUTPUT goes low for 
one full CLOCK period as shown in following timirtg diagram. The count data sets the 
time between OUTPUT pulses. If the count register is reloaded between output pulses 
the present period will not be affected. The subsequent period will reflect the new 
value. The OUTPUT will remain high for the duration of the asserted GATE input. 
Normal operation resumes on the falling CLOCK edge following the rising edge of 

GATE. 

«JTJTJTJl.JXrXJTJlJTJ-Lnj-Ln_ 



-^-Lr-^-L- r . . L r 



! i I J Ml 

Note: (T) All internal counter events occur at the falling edge of the associated clock in all modes of 
operation. 
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OPERATIONAL MODES ® Mode 3: Square Wave Generator 

(Cont.) MODE 3 resembles MODE 2 except the OUTPUT will be high for half of the count and 

low for the other half (for even values of data). For odd values of count data the OUT- 
PUT will be high one clock cycle longer than when it is low (High Period -» ^ 3 ' 
clock cycles; Low Period -* * ' clock periods, where N is the decimal value of count 
data). If the count register is reloaded with a new value during counting, the new value 
will be reflected immediately after the output transition of the current count. 

The OUTPUT will be held in the high state while GATE is asserted. Counting will start 
from the full count data after the GATE has been removed. 

^JlJTJTJTJlJTJTrUTJXr^^ 

T 

^T- 



Mode 4: Software Triggered Strobe 

The OUTPUT goes high when MODE 4 is set, and counting begins after the second 
byte of data has been loaded. When the terminal count is reached, the OUTPUT will 
pulse low for one clock period. Changes in count data are reflected in the OUTPUT as 
soon as the new data has been loaded into the count registers. During the loading of 
new data, the OUTPUT is held high and counting is inhibited. 

The OUTPUT is held high for the duration of GATE. The counters are reset and 
counting begins from the full data value after GATE is removed. 

-« jtjtjijtjojtjtjtjijtjtjtj-l 



Mode 5: Hardware Triggered Strobe 

Loading MODE 5 sets OUTPUT high. Counting begins when count data is loaded and 
GATE goes high. After terminal count is reached, the OUTPUT will pulse low for one 
clock period. Subsequent trigger pulses will restart the counting sequence with the 
OUTPUT pulsing low on terminal count following the last rising ecge of the trigger 
input (Reference bottom half of timing diagram). 
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Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


33 MAX 


1.3 MAX 


B 


2. S3 


0.1 


C 


2.54 


0.1 


D 


0.5 * 0.1 


0.02 i 0.004 


E 


27.94 


1.1 


F • 


1.6 


0.059 


G 


2.54 MIN 


0.1 MIN 


H 


0.5 MIN 


0.02 MIN 


1 


5.22 MAX 


0.205 MAX 


J 


6.72 MAX 


0.226 MAX 


K 


15.24 


0.6 


L 


13.2 


0.62 


M 


025 -0.05 


-- +0.004 

001 -0.0019 



PACKAGE OUTLINE 
/XPD8253-5C 
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PROGRAMMABLE PERIPHERAL INTERFACES 



DESCRIPTION The juPD8255A-5 is a general purpose programmable INPUT/OUTPUT device 

designed for use with the 8080A/8085A microprocessors. Twenty-four (24) I/O 
lines may be programmed in two groups of twelve (group I and group II) and used 
in three modes of operation. In the Basic mode, (MODE 0), each group of twelve I/O 
pins may be programmed in sets of 4 to be input or output. In the Strobed mode, 
(MODE 1), each group may be programmed to have 8 lines of input or output. Three 
of the remaining four pins in each group are used for handshaking strobes and interrupt 
control signals. The Bi-directional Bus mode, (MODE 2), uses the 8 lines of Port A for 
a bi-directional bus, and five lines from Port C for bus control signals. The juPD8255A5 
is packaged in 40-pin plastic dual-in-line packages. 



FEATURES • Fully Compatible with the 8080A/8085 Microprocessor Families 

• All Inputs and Outputs TTL Compatible 

• 24 Programmable I/O Pins 

• Direct Bit SET/RESET Eases Control Application Interfaces 

• 8 — 4 mA Darlington Drive Outputs for Printers and Displays- 

• LSI Drastically Reduces System Package Count 

• Standard 40-Pin Dual-ln-Line Plastic and Ceramic Packages 



PIN CONFIGURATION 



PA 3 C 


1 ^ 


40 


3 


PA 4 


PA 2 C 


2 


39 


3 


PA 5 


pat C 


3 


38 


3 


PA 6 


PA C 


4 


37 


3 


PA 7 


RD C 


5 


36 


3 


WR 


CS £ 


6 


35 


3 


RESET 


GND C 


7 


34 


3 


Do 


A1 C 


8 


33 


3 


D1 


An C 


9 


32 


3 


D 2 


PC 7 c 


10 /LtPD 


31 


3 


°3 


PC 6 C 


1 1 8255A-5 


30 


3 


D 4 


PC 5 C 


12 


29 


3 


D5 


PC 4 C 


13 


28 


3 


°6 


pcoC 


14 


27 


3 


D7 


pci C 


15 


26 


3 


vcc 


PC 2 C 


16 


25 


3 


PB7 


pc 3 C 


17 


24 


3 


PB 6 


PBoC 


18 


23 


3 


PB5 


PBtC 


19 


22 


3 


PB4 


PB 2 C 


20 


21 


3 


PB3 



PIN NAMES 



D7-D0 


Data Bus (Bi-Directional) 


RESET 


Reset Input 


CS 


Chip Select 


RD 


Read Input 


WR 


Write Input 


Ao. *-\ 


Port Address 


PA7-PA0 


Port A (Bit) 


P87-PB0 


Port B (Bit) 


PC7PC0 


Port C (Bit) 


v C c 


+5 Volts 


GND 


Volts 
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General FUNCTIONAL DESCRIPTION 

The /uPD8255A-5 Programmable Peripheral Interface (PPI) is designed for use in 

8080A/8085A microprocessor systems. Peripheral equipment can be effectively 

and efficiently interfaced to the 8080A/8085A data and control busses with the 

//PD8255A-5. The piPD8255A-5 is functionally configured to be programmed by 

system software to avoid external logic for peripheral interfaces. 

Data Bus Buffer 

The 3-state, bidirectional, 8-bit Data Bus Buffer (D0-D7) of the mPD8255A-5 can 
be directly interfaced to the processor's system Data Bus (D0-D7). The Data Bus 
Buffer is controlled by execution of IN and OUT instructions by the processor. 
Control Words and Status information are also transmitted via the Data Bus Buffer. 

Read/Write and Control Logic 

This block manages all of the internal and external transfers of Data, Control and 
Status. Through this block, the processor Address and Control busses can control the 
peripheral interfaces. 

Chip Select, CS, pin 6 

A Logic Low, V|[_, on this input enables the £iPD8255A-5 for communication 
with the 8080A/8085A. 

Read, RD, pin 5 

A Logic Low, V| l, on this input enables the juPD8255A-5 to send Data or Status to 

the processor via the Data Bus Buffer. 

Write, WR, pin 36 

A Logic Low, V|[_, on this input enables the Data Bus Buffer to receive Data or Con- 
trol Words from the processor. 

Port Select 0, An, pin 9 
Port Select 1, Ai, pin 8 

These two inputs are used in conjunction with CS, RD, and WR to control the selec- 
tion of one of three ports on the Control Word Register. An, and A-| are usually 
connected to An, and A1 of the processor Address Bus. 

Reset, pin 35 

A Logic High, V|h, on this input clears the Control Register and sets ports A, B, and 
C to the input mode. The input latches in ports A, B, and C are not cleared. 

Group I and Group II Controls 

Through an OUT instruction in System Software from the processor, a control word 
is transmitted to the juPD8255A-5. Information such as "MODE," "Bit SET," and 
"Bit RESET" is used to initialize the functional configuration of each I/O port. 

Each group (I and II) accepts "commands" from the Read/Write Control Logic and 
"control words" from the internal data bus and in turn controls its associated I/O 
ports. 

Group I - Port A and upper Port C (PC7-PC4) 

Group II - Port B and lower Port C (PC3-PC0) 
While the Control Word Register can be written into , the contents cannot be read back 
to the processor. 

Ports A, B, and C 

The three 8-bit I/O ports (A, B, and C) in the jxPD8255A-5 can all be configured to 
meet a wide variety of functional requirements through system software. The effec- 
tiveness and flexibility of the /uPD8255A-5 are further enhanced by special features 
unique to each of the ports. 

Port A = An 8-bit data output latch/buffer and data input latch. 

Port B = An 8-bit data input/output latch/buffer and an 8-bit data input buffer. 

Port C = An 8-bit output latch/buffer and a data input buffer (input not latched). 
Port C may be divided into two independent 4-bit control and status ports for use with 
Ports A and B. 
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BLOCK DIAGRAM 



II DIRECTIONAL DATA BUS 



P-Po<^ Z[) °eut ^ 



X 



GROUP 
CONTROL 



<^=^> »« c=>- 



=0 



C=0s» 



C4=>- 



r *- V -or'.c £ 

N 1/ LOWER >T 



C=^ «:• C 



ABSOLUTE MAXIMUM Operating Temperature 0°Cto+70°C 

RATINGS* Storage Temperature . . . -65°C to +150°C 

All Output Voltages © -0.5 to +7 Volts 

All Iriput Voltages © -0.5 to +7 Volts 

Supply Voltages © -0.5 to +7 Volts 

Note: © With respect to Vss 

T a = 25°C 

♦COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This Is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

DC CHARACTERISTICS 



T a -0°Cto+70°C;V c c = 


+6V ± 10% 


vss 


■OV 








PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


HPD8255A 5 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 


-0.5 




0.8 


V 




Input High Voltage 


V|H 


2 




vec 


V 




Output Low Voltage 


vol 






0.45 


V 


© 


Output High Voltage 


VOH 


2.4 






V 


(3) 


Darlington Drive Current 


'OH© 


-1 




-4 


mA 


V H ' '-5V. R£XT =■■ ? 50!i 


Power Supply Current 


ice 






120 


mA 


VcC = + 5V, Output Open 


Input Leakage Current 


'LIH 






10 


M 


V|N a V CC 


Input Leakage Current 


ILIL 






-10 


dA 


V|(vj 0.4V 


Output Leakage Current 


'LOH 






±10 


dA 


VOUT ~ Vcc: CS ° 2.0V 


Output Leakage Current 


'lol 






-10 


uA 


VOUT " 0.4V. C§ ■ 2.0V 



El 



Notes: © Any set of eight (8) outputs from either Port A, B, or C can source 4 mA into 1 .5V. 
(5) Iol = 2.5 mA for DB Port; 1 .7 mA for Peripheral Ports. 
© lOH " -400 uA for dB Port; -200 fis for Peripheral Ports. 



CAPACITANCE T a = 25°c ; v C c = v S s = ov 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C|N 






10 


pF 


f c = 1 MHz 
Unmeasured pins 
returned to Vss 


I/O Capacitance 


C|/0 






20 


pF 
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T a = 0°C to +70° C; V<x " +5V ±5%; V SS - 0V 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


TEST 
CONDITIONS 


MIN 


MAX 


UNIT 


Address Stable Before READ 


*AR 







ns 




Address Stable After READ 


tRA 







ns 




READ Pulse Width 


tRR 


250 




ns 




Data Valid From READ 


tRD 




170 


ns 


8255: Cl.- 100 pF 
8255A-5:Cl" 150 pF 


Data Float After READ 


tDF 


10 


100 


ns 
ns 


C L " 100 pF 
C L - 15pF 


Time Between READS 
and/ WRITES 


tRV 


850 




ns 


<D 


WRITE 


Address Stable Before WRITE 


*AW 







ns 




Address Stable After WRITE 


tWA 


20 




ns 




WRITE Pulse Width 


tww 


250 




ns 




Data Valid to WRITE (T.E.) 


tDW 


100 




ns 




Data Valid After WRITE 


tWD 







ns 




OTHER TIMING 


WR =» To Output 


tWB 




350 


ns 


8255:C L -50pF 
8255A-5:C L =150pF 


Peripheral Data Before RD 


t|R 







ns 




Peripheral Data After RD 


*HR 







ns 




ACK Pulse Width 


*AK 


300 




ns 




STB Pulse Width 


tST 


350 




ns 




Per. Data Before T.E. Of STB 


l PS 







ns 




Per. Data After T.E. Of STB 


tPH 


150 




ns 




ACK = To Output 


tAD 




300 


ns 


8255: C L =50pF 
8255A-5: Cl= 150 pF 


ACK = To Output Float 


tKD 


20 


250 


ns 


— I£:SS 


WR = 1 To OBF = 


tWOB 




650 


ns 


8255:C L -50pF 
8255A-5:Cl= 150pF 


ACK=0ToOBF = 1 


UOB 




350 


ns 


STB = 0To IBF = 1 
RD= 1 To IBF = 
RD= OTo !NTR = 
STB= 1 To INTR= 1 
ACK= 1 To INTR = 1 
WR = 0To INTR = 


tSIB 
tRIB 
tRIT 
tSIT 
tAIT 
tWIT 




300 
300 
400 
300 
350 
850 


ns 
ns 
ns 
ns 
ns 
ns 



Note: (T) Period of Reset pulse must be at least 50 jus during or after 
pulse can be 500 ns min. 



power on. Subsequent Reset 



@ 



•-/ 



w 



y ^r 
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TIMING WAVEFORMS 
MODEO 



, 


■" IRR •* 

i 




> 


'■ 


MR 




tHR 


INPUT FROM PERIPHERAL X 




I 


.,_cr' AR -r 




~ ,RA ~1_ 


CS. A,. A X, 




> 






^-. 


— — <RD— ■ < 


*- <DF -* 



BASIC INPUT (READ) 

• <ww- 



_»-— — 'WW »l 

> > r 

tow I 



D D 7 



CS. A,, A ^|)E 



3c 



3c 



■«WB- 



OUTPUT TO PERIPHERAL 



BASIC OUTPUT (WRITE) 



MODE 1 



"W-^ C 



OUTPUT TO PERIPHERAL 



4- 



*WOB 



# 



-tAOB" 



>r 



~^vy 




STB FROM PERIPHERAL 



INTR. 
RD- 



tWB 
—- tST 



4 SIB 



J 



*SIT 



INPUT FROM 
PERIPHERA 



•-fc 



\ 



4'.R. 



^ 



tPH 



L 



^JL , c 
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WRITE 

DATA FROM MPD8080A TO mPD8255A-5 



ACK FROM PERIPHERAL 




TIMING WAVEFORMS 

(CONT.) 

MODE 2 



STB FROM PERIPHERAL 



PERIPHERAL 
BUS 



DATA FROM DATA FROM 

PERIPHERAL TO MPD8255A-5 mPD8255A-5 TO PERIPHERAL 

READ DATA FROM 
MPD8255A-5 TO uPD8080A 



Note: (T) Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = I8F ■ MASK •STB-RD + OBF ■ MASK- ACK- WR) 

@ When the mPD8255A-5 is set to Mode 1 or 2, OBF is reset to be high (logic 1 ). 



The MPD8255A-5 can be operated in modes (0, 1 or 2) which are selected by appropriate 
control words and are detailed below. 

• MODE provides for basic Input and Output operations through each of the ports 
A, B, and C. Output data is latched and input data follows the peripheral. No "hand- 
shaking" strobes are needed. 
1 6 different configurations in MODE 
Two 8-bit ports and two 4-bit ports 
Inputs are not latched 
Outputs are latched 

MODE 1 provides for Strobed Input and Output operations with data transferred 
through Port A or B and handshaking through Port C. 
Two I/O Groups (I and II) 

Both groups contain an 8-bit data port and a 4-bit control/data port 
Both 8-bit data ports can be either Latched Input or Latched Output 
MODE 2 provides for Strobed bidirectional operation using PAfj-7 as the bidirec- 
tional latched data bus. PC 3.7 is used for interrupts and "handshaking" bus flow 
controls similar to Mode 1. Note that PBfj.7 and PCfJ-2 mav be defined as Mode 
or 1, input or output in conjunction with Port A in Mode 2. 
An 8-bit latched bidirectional bus port (PArj-7) and a 5-bit control port (PC3.7) 
Both inputs and outputs are latched 
An additional 8-bit input or output port with a 3-bit control port 



MODES 
MODEO 



MODE 1 



MODE 2 
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BASIC OPERATION 



INPUT OPERATION (READ) 


A1 


A o 


RD 


WR 


C5 













1 





PORT A — »- DATA BUS 





1 





1 1 


PORT B— *-D ATA BUS 


1 








1 | 


PORT C — »-DATA BUS 




OUTPUT OPERATION (WRITE) 


A1 


Ao 


RD 


WR 


cs 










1 








DATA BUS -»- PORT A 





1 


1 








DATA BUS-*-PORT B 


1 





1 








DATA BUS— «p-PORT C 


1 


1 


1 








DATA BUS-*-CONTROL 










DISABLE FUNCTION 




A1 


Ao 


RD 


WR 


cs 






X 


X 


X 


X 


1 


DATA BUS-»- 
HIGH Z STATE 




X 


X 


1 


1 





DATA BUS-te- 
HIGH Z STATE 





NOTES: © X means "DO NOT CARE." 

(2) All conditions not listed are illegal and should 
be avoided. 



FORMATS 



T=J 



/^TA 



f^\ 



MODE DEFINITION 



BIT/RESET 



B 
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PACKAGE OUTLINE 
MPD8255AC/D-5 



Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 ±0.1 


0.10 ± 0.004 


D 


0.5 ± 0. 1 


0.019 ±0.004 


E 


48,26 


1.9 


F 


1.2 MIN 


0.047 MIN 


G 


2.54 MIN 


0.10MIN 


H 


0.5 MIN 


0.019 MIN 


I 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 


L 


13.2 


0.520 


M 


+ 0.1 
0.25 

0.05 


+ 0.004 
0.010 

0.002 




-E 



Ceramic 



ITEM 


MILLIMETERS 


INCHES 


A 


51 .5 MAX 


2.03 MAX 


B 


1.62 MAX 


0.06 MAX 


C 


2.54 ± 0.1 


0.1 ± 0.004 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


48.26 ± 0.1 


1 .9 ± 0.004 


F 


1.02 MIN 


0.04 MIN 


G 


3.2 MIN 


0.13 MIN 


H 


1.0 MIN 


0.04 MIN 


I 


3.5 MAX 


0.14 MAX 


J 


4.5 MAX 


0.18 MAX 


K 


15.24 TYP 


0.6 TYP 


L 


14.93 TYP 


0.59 TYP 


M 


0.25 ± 0.05 


0.01 ± 0.0019 



8255DS-R EV3-1 -82-CAT 
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PROGRAMMABLE DMA CONTROLLER 



DESCRIPTION 



FEATURES 



The juPD8257-5 is a programmable four-channel Direct Memory Access (DMA) con- 
troller. It is designed to simplify high speed transfers between peripheral devices and 
memories. Upon a peripheral request, the juPD8257-5 generates a sequential memory 
address, thus allowing the peripheral to read or write data directly to or from memory. 
Peripheral requests are prioritized within the juPD8257-5 so that the system bus may 
be acquired by the generation of a single HOLD command to the 8080A. DMA cycle 
counts are maintained for each of the four channels, and a control signal notifies the 
peripheral when the preprogrammed member of DMA cycles has occurred. Output con- 
trol signals are also provided which allow simplified sectored data transfers and expan- 
sion to other /iPD8257-5 devices for systems requiring more than four DMA channels. 

NEC Now Supplies juPD8257-5 to /XPD8257 Requirements 

Four Channel DMA Controller 

Priority DMA Request Logic 

Channel Inhibit Logic 

Terminal Count and Modulo 128 Outputs 

Automatic Load Mode 

Single TTL Clock 

Single +5V Supply ±10% 

Expandable 

40 Pin Plastic Dual-ln-Line Package 



PIN CONFIGURATION 



i/orC 


1 


— V^ 


40 


3 


i/oWC 


2 




39 


3 


MEMR C 


3 
4 




38 
37 


3 


MEMWL 


3 


markC 


5 




36 


3 


READY C 


6 




35 


3 


hldaC 


7 




34 


3 


ADDSTB C 


8 




33 


3 


AEN C 


9 


mpd 

8257-5 


32 


3 


hrqC 
csC 


10 
11 


31 
30 


3 
3 


clkC 


12 




29 


3 


RESET C 


13 




28 


3 


DACK 2 *- 


14 




27 


3 


DACK 3 C 


15 




26 


3 


DRQ 3 C 


16 




25 


3 


DRQ 2 C 


17 




24 


3 


DRQ t C 


18 




23 


3 


DRQqC 


19 




22 


3 


GNDC 


20 




21 


3 



"4 
TC 



'CC 



DACK p 
DACKi 



PIN NAMES 



D 7 -D 


Data Bus 


A7-A0 


Address Bus 


l/OR 


I/O Read 


l/OW 


I/O Write 


MEMR 


Memory Read 


MEMW 


Memory Write 


CLK 


Clock Input 


RESET 


Reset Input 


READY 


Ready 


HRQ 


Hold Request (to 8080A) 


HLDA 


Hold Acknowledge (from 8080A) 


AEN 


Address Enable 


ADSTB 


Address Strobe 


TC 


Terminal Count 


MARK 


Modulo 128 Mark 


DRQ3-DRQ0 


DMA Request Input 


DACK 3 -DACK 


DMA Acknowledge Out 


CS 


Chip Select 


v C c 


+5 Volts 


GND 


Ground 
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^_ DBQo BLOCK DIAGRAM 



Operating Temperature 0°C to +70°C ABSOLUTE MAXIMUM 

Storage Temperature -65°C to +150°C RATINGS* 

Voltage on Any Pin -0.5 to +7 Volts © 

Power Dissipation 1 Watt 

Note: © With Respect to Ground 

T a = 25°C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



DC CHARACTERISTICS 



T a = 0°C to +70°C; V cc = +5V ± 


10% GND = 


OV 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


Input Low Voltage 


V IL 


-0.5 




0.8 


Volts 




Input High Voltage 


V IH 


2.0 




V cc + 0.5 


Volts 




Output Low Voltage 


V OL 






0.45 


Volts 


'OL = 1 - 7 mA 


Output High Voltage 


V OH 


2.4 




V CC 


Volts 


'OH 3= * 1 50MAfor AB, 

DB and AEN 

Iqu - -80 nA for others 


HRQ Output High Voltage 


V HH 


3,3 




V CC 


Volts 


l OH = -80^A 


Vf.0 Current Drain 


'cc 






120 


mA 




Input Leakage 


'IL 






10 


HA 


V IN = V CC 


Output Leakage During Float 


'OFL 






10 


MA 


VOUT® 



Note: CD V CC >V 0UT >GND + 0.45V 
T. = 25°C; V cc = GND = 0V 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


Input Capacitance 


C IN 






10 


PF 


f c =1 MHz 


I/O Capacitance 


C l/0 






20 


PF 


Unmeasured pins 
returned to GND 



CAPACITANCE 



666 



AC CHARACTERISTICS ^parameters 

PERIPHERAL (SLAVE) MODE T..<rc»70rC;Vcc-SV±1O*;eND-0V© 



/iPD8257-5 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


<iPD8257 5 


MIN |TYP I MAX 


REAO 


Adr or CS4 Setup to Rdi 


tar 









ns 




Adr or CSt Hold from Rdt 


Tra . 









ns 




Data Access from Rdi 


trde 







170 


ns 


C L - 100 pF 


DB-Float Delav from Rd1 


trdf 


20 




100 


ns 


C L = 100 pF 
C L - 15pF 


Rd Width 


trw 


250 






ns 




WRITE 


Adr Setup to WTi 


taw 20 






ns 




Adr Hold from Wr"t 


TtflA 









QS 




Data Setup to Wrl 


T DW 


200 






ns 




Data Hold from Wrt 


TWO 









ns 




Wr Width 


T WWS 


200 






ns 




OTHER TIMING 


Reset Pulse Width 


TRSTW 


300 






ns 




Power Supply t(V cc ] Setup to Resetl 


trstd 


500 






MS 




Signal Rise Time 


T r 






20 


ns 




Signal Fall Time 


Tf 






20 


ns 




Reset to First IOWR 


TRSTS 


2 






«CY 





Note: (l) All timing measurements are made at the following reference voltages unless specified otherwise: Input "1" 
at 2.0V, "0" at 0.8V, Output "1" at 2.0V, "0" at 0.8V. 



TIMING WAVEFORMS READ TIMING 
PERIPHERAL (SLAVE) MODE 



CHIP SELECT 



ADDRESS BUS 



WRITE TIMING 



CHIP SELECT 



ADDRESS BUS 



RESET TIMING 



vcc 
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\ 



X 



- T AR- 



■ T AR- 



T RDE- 



= C T RWS } 



J 



X 



<^2> 



- T RDF 



\ 



_T A w- 



X 



- T AW- 



X 



■Tqw- 



'U = 



;">: 



t rsts t wws 



T WA 



■s 



X 



-TWA 



X 



Jr 



-trstd- 



fiPD8257-5 



T a - 0°C to 70°C; V C C - +5V i 10%; GND - 0V 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


uPD8257-5 


MIN 


MAX 


Cycle Time (Period) 


TCY 


0.250 


4 


MS 




Clock Active (High) 


T 8 


80 


■8TCY 


ns 




DRQt Setup to 9 1 (SI, S4) 


T QS 


30 








DRQ4 Hold from HLDAt 


T QH 









© 


HRQt or iDelay fromflt (SI, S4) 
(measured at 2.0V) 


T D Q 




160 


ns 


© 


HRQt or t Delay from 9 1 (SI, S4) 
(measured at 3.3V) 


T DQ1 




250 


ns 


© 


HLDAt or ISetup to 9; (SI, S4) 


T HS 


100 




ns 




AENt Delay from 91 (S1 ) 


Tael 




250 


ns 


© 


AENi Delay from 9t (SI) 


Taet 




200 


ns 


© 


Adr (AB) (Active) Delay from AENt (S1) 


T AEA 


20 




ns 


© 


Adr (AB) (Active) Delay from St (S1) 


T FAAB 




250 


ns 


© 


Adr (AB) (Float) Delay fromflt (SI) 


T AFAB 




150 


ns 


© 


Adr (AB) (Stable) Delay from 9 1 (SI) 


Tasm 




250 


ns 


© 


Adr (AB) (Stable) Hold from 9t (S1) 


T AH 


T ASM-50 






© 


Adr (AB) (Valid) Hold from Rdt (S1, SO 


T AHR 


60 




ns 


© 


Adr (AB) (Valid) Hold from Wrt (SI, SI) 


T AHW 


300 




ns 


© 


Adr (DB) (Active) Delay fromSt (S1) 


T FADB 




250 


ns 


© 


Adr (DB) (Float) Delay from St (S2) 


T AFDB 


Tstt+20 


170 


ns 


© 


Adr (DB) Setup to Adr Stbi (S1-S2) 


T ASS 


100 




ns 


© 


Adr (DB) (Valid) Hold from Adr Stbl (S2) 


TAHS 


50 




ns 


© 


Adr Stbt Delay fromflt (S1) 


TSTL 




200 


ns 


© 


Adr Stbt Delay from 9 1 (S2) 


TSTT 




140 


ns 


© 


Adr Stb Width (S1-S2) 


T SW 


T CY -100 




ns 


© 


Rdl or Wr (Ext)t Delay from Adr 
Stbl (S2) 


T ASC 


70 




ns 


© 


Rdt or Wr (Ext)l Delay from Adr (DB) 
(Float) (S2) 


T DBC 


20 




ns 


© 


DACKt or IDelay from 91 (S2, SI) and 
TC/Mark t Delay from 9 1 (S3) and 
TC/Mark 1 Delay from 9 1 (S4) 


TAK 




250 


ns 


©© 


Rdl or Wr (Ext)l Delay from 9 1 (S2) and 
WTl Delay from 9 1 (S3) 


T DCL 




200 


ns 


©© 


Rdt Delay fromfll (SI, SI) and 
Wrt Delay from 9 1 (S4) 


T DCT 




200 


ns 


@© 


RdorWr (Active) from 9 1 (SI) 


TFAC 




250 


ns 


© 


Rdor Wr( Float) from 9 1 (SI) 


Tafc 




150 


ns 


© 


Rd Width (S2-S1 or SI) 


t RWM 


2T CY + 
Tfl-50 




ns 


© 


Wr Width (S3-S4I 


T WWM 


Tcy-50 




ns 


© 


Wr (Ext) Width (S2-S4) 


TWWME 


2T C Y-50 




ns 


® 


READY Set Up Time to 9t (S3, Sw) 


TrS 


30 




ns 




READY Hold Time from 8t (S3, Sw) 


T RH 


20 




ns 





Notes: © Load - 1 TTL 

© Load - 1 TTL + 50 pF 

© Load - 1 TTL + (R L - 3.3K), V H - 3.3V 

© Tracking Specification 

© AT AK <50ns 

© AToGL <50 "S 

® AToCT<50ns 

© Data for comparison only 
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DMA (MASTER) MODE 
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TIMING WAVEFORMS 
DMA (MASTER) MODE 



DHQo.3 




TC/MARK___ 



— — - TC/MAHK 




"0 

a 

00 
IN) 

ai 
61 



M PD8257-5 

The /iPD8257-5 is a programmable, Direct Memory Address (DMA) device. When used FUNCTIONAL 

with an 8212 I/O port device, it provides a complete four-channel DMA controller DESCRIPTION 

for use in 8080A/8085A based systems. Once initialized by an 8080A/8085A CPU, 

the jiPD8257-5 will block transfer up to 1 6,364 bytes of data between memory and a 

peripheral device without any attention from the CPU, and it will do this on all 4-DMA 

channels. After receiving a DMA transfer request from a peripheral, the following 

sequence of events occurs within the #PD8257-5. 

• It acquires control of the system bus (placing 8080A/8085A in hold mode). 

• Resolves priority conflicts if multiple DMA requests are made. 

• A 16-bit memory address word is generated with the aid of an 8212 in the follow- 
ing manner: 

The juPD8257-5 outputs the least significant eight bits (A0-A7) which go directly 
onto the address bus. 

The jzPD8257-5 outputs the most significant eight bits (A8-A15) onto the data 
bus where they are latched into an 8212 and then sent to the high order bits on 
the address bus. 

• The appropriate memory and I/O read/write control signals are generated allowing 
the peripheral to receive or deposit a data byte directly from or to the appropriate 
memory location. 

Block transfer of data (e.g., a sector of data on a floppy disk) either to or from a 
peripheral may be accomplished as long as the peripheral maintains its DMA Request 
(DRQ n ). The juPD8257-5 retains control of the system bus as long as DRQ n remains 
high or until the Terminal Count (TC) is reached. When the Terminal Count occurs, 
TC goes high, informing the CPU that the operation is complete. 

There are three different modes of operation: 

• DMA read, which causes data to be transferred from memory to a peripheral; 

• DMA write, which causes data to be transferred from a peripheral to memory; and 

• DMA verify, which does not actually involve the transfer of data. 

The DMA read and write modes are the normal operating conditions for the juPD8257-5. 
The DMA verify mode responds in the same manner as read/write except no memory 
or I/O read/write control signals are generated, thus preventing the transfer of data. The 
peripheral gains control of the system bus and obtains DMA Acknowledgements for its 
requests, thus allowing it to access each byte of a data block for check purposes or 
accumulation of a CRC (Cylic Redundancy Code) checkword. In some applications it 
is necessary for a block of DMA read or write cycles to be followed by a block of DMA 
verify cycles to allow the peripheral to verify its newly acquired data. 
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DMA OPERATION 



Internally the juPD8257-5 contains six different states (SO, S1 , S2, S3, S4 and SW). The 
duration of each state is determined by the input clock. In the idle state, (S1), no DMA 
operation is being executed. A DMA cycle is started upon receipt of one or more DMA 
Requests (DRQ n ), then the juPD8257-5 enters the SO state. During state SO a Hold 
Request (HRQ) is sent to the 8080A/8085A and the /XPD8257-5 waits in SO until the 
8080A/8085A issues a Hold Acknowledge (HLDA) back. During SO, DMA Requests 
are sampled and DMA priority is resolved (based upon either the fixed or priority 
scheme). After receipt of HLDA, the DMA Acknowledge line (DACK n ) with the high- 
est priority is driven low, selecting that particular peripheral for the DMA cycle. The 
DMA R equest line (DRQ n ) must remain high until either a DMA Acknowledge 
(DACK n ) or both DACK n and TC (Terminal Count) occur, indicating the end of a 
block or sector transfer (burst model). 

The DMA cycle consists of four internal states; S1 , S2, S3 and S4. If the access time 
of the memory or I/O device is not fast enough to return a Ready command to the 
//PD8257-5 after it reaches state S3, then a Wait state is initiated (SW). One or more 
than one Wait state occurs until a Ready signal is received, and the /iPD8257-5 is 
allowed to go into state S4. Either the extended write option or the DMA Verify mode 
may eliminate any Wait state. 

If the /LtPD8257-5 should lose control of the system bus (i.e., HLDA goes low) then the 
current DMA cycle is completed, the device goes into the S1 state, and no more 
DMA cycles occur until the bus is reacquired. Ready setup time (tRs), write setup 
time (tow)* reaa " data access time (tRD) and HLDA setup time (tQs) should all be 
carefully observed during the handshaking mode between the juPD8257-5 and the 
8080 A/8085 A. 

During DMA write cycles, the I/O Read (I/O R) output is generated at the beginning 
of state S2 and the Memory Write (MEMW) output is generated at the beginning of 
S3. During DMA read cycles, the Memor y Read (MEMR) output is generated at the 
beginning of state S2 and the I/O Write (I/O W) goes low at the beginning of state S3. 
No Read or Write control signals are generated during DMA verify cycles. 



DMA OPERATION 
STATE DIAGRAM 





HRQ + HLDA 



'$ 



HRQ is set if DRQ n is active. 
HRQ is reset if DRQ n is not active. 
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TYPICAL juPD8257 -5 

SYSTEM INTERFACE SCHEMATIC 



D 



i 

3 



HOLD 

HLDA 

DBIN 

WR 



SYNC 

READY 

RESET 




CHIP SELECT - 
READY - 



DISABLE I/O 
ADDRESS BUS 



£* 



MPD 
8257-5 



RESET 
CLK 






AENADSTB 



W2- 

24 
17 



J4 



16 



15 



£ 



ADDRESS 
BUS 



t A 15 



CONTROL 
RUS 



■ DRQq 

■ DACKo 

■ DRQl 

• DACKi 

■ DRQ2 

• DACK2 

- ORQ3 

• DACK3 



VCC- 



MP 
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PACKAGE OUTLINE 
MPD8257C-5 




Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 ± 0.1 


0.10 ±0.004 


D 


0.5 ±0.1 


0.019 ± 0.004 


E 


48.26 


1.9 


F 


.1.2 MIN 


0.047 MIN 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.019 MIN 


I 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 


L 


13.2 


0.520 


M 


+ 0.1 

025 «„= 
- 0.05 


+ 0.004 

0.010 nnm 

- 0.002 



B 
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PROGRAMMABLE INTERRUPT CONTROLLER 



DESCRIPTION The NEC juPD8259A is a programmable interrupt controller directly compatible with 
the 8080A/8085A/8086/8088 microprocessors. It can service eight levels of interrupts 
and contains on-chip logic to expand interrupt capabilities up to 64 levels with the 
addition of other //PD8259As. The user is offered a selection of priority algorithms to 
tailor the priority processing to meet his system requirements., These can be dynami- 
cally modified during operation, expanding the versatility of the system. 
The //PD8259A is completely upward compatible with the mPD8259-5, so software 
written for the juPD8259-5 will run on the MPD8259A. 



FEATURES • Eight Level Priority Controller 

• Programmable Base Vector Address 

• Expandable to 64 Levels 

• Programmable Interrupt Modes (Algorithms) 

• Individual Request Mask Capability 

• Single +5V Supply (No Clocks) 

• Full Compatibility with 8080A/8085A/8086/8088 

• Available in 28-Pin Plastic and Ceramic Packages 



PIN CONFIGURATION 




SP/EN. 
3 CAS 2 



PIN NAMES 



D7-D0 


Data Bus (Bi-Directional) 


RD 


Read Input 


77H 


Write Input 


40 


Command Select Address 


CAS2 - CASO 


Cascade Lines 


sp/In 


Slave Program Input/ 
Enable Buffer 


INT 


Interrupt Output 


iFiTS 


Interrupt Acknowledge Input 


IR0-IR7 


Interrupt Request Inputs 


C? 


Chip Select 




Rev/1 
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» 



o 



-C HO 

.-as READ/ 
WHITE 
LOGIC 



CASCADE 

BUFFER/ 

COMPARATOR 

_ CASO CAS2 



. * 



BLOCK DIAGRAM 



CONTROL LOGIC 





TT 




11 




ft 
















_ mo 










































_ IR2 




IN 
SERVICE 


A- 


priority 




INTERHUPT 
REQUEST 


^ IR4 




REGISTER 


Sr- 


RESOLVER 




REGISTER 




IISRI 








(IRRI 


_ IRS 
_ IR6 
__ IR7 






i 






I 








Vv 


j INTERRUPT MASK REGISTER (IMR| 



























SLAVE 
PROGRAM CASCADE 
ENABLE LINES 
BUFFER 



Operating Temperature 0°C to +70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin -0.5 to +7 Volts d) 

Power Dissipation . 1W 

Note: (7) With respect to ground. 



ABSOLUTE MAXIMUM 
RATINGS* 



T a = 25°C 

'COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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FUNCTIONAL INTERRUPT REQUEST REGISTER (IRR) AND IN-SERVICE REGISTER (ISR) 
UbbOnlr riUlM y ne interrupt request register and in-service register store the in-coming interrupt 

request signals appearing on the IRO-7 lines (refer to functional block diagram). The 
inputs requesting service are stored in the IRR while the interrupts actually being 
serviced are stored in the ISR. 

A positive transition on an IR input sets the corresponding bit in the Interrupt Request 
Register, and at the same time the I NT ou tput of the MPD8259 is set high. The IR input 
line must remain high until the first INTA input has been received. Multiple, non- 
masked interrupts occurring simultaneously can be stored in the IRR. The incoming 
INTA sets the appropriate ISR bit (determined by the programmed interrupt algorithm) 
and resets the corresponding IRR bit. The ISR bit stays high-active during the interrupt 
service subroutine until it is reset by the programmed End-of- Interrupt (EOI) command. 

PRIORITY RESOLVER 

The priority resolver decides the priority of the interrupt levels in the IRR. When the 
highest priority interrupt is de termi ned it is loaded into the appropriate bit of the 
In-Service register by the first INTA pulse. 

DATA BUS BUFFER 

The 3-state, 8-bit, bi-directional data bus buffer interfaces the /xPD8259 to the 
processor's system bus. It buffers the Control Word and Status Data transfers between 
the /xPD8259 and the processor bus. 

READ/WRITE LOGIC 

The read/write logic accepts processor data and stores it in its Initialization Command 
Word (ICW) and Operation Command Word (OCW) registers. It also controls the 
transfer of the Status Data to the processor's data bus. 

CHIP SELECT (CS) 

The juPD8259 is enabled when an active-low signal is received at this input. Reading 
or writing of the juPD8259 is inhibited when it is not selected. 

WRITE (WR) 

This active-low signal instructs theMPD8259 to receive Command Data from the 
processor. 

READ (RD) 

When an active-low signal is received on the RD input, the status of the Interrupt 
Request Register, In-Service Register, Interrupt Mask Register or binary code of the 
Interrupt Level is placed on the data bus. 

INTERRUPT (INT) 

The interrupt output from the juPD8259 is directly connected to the processor's INT 
input, the voltage levels of this output are compatible with the 8080A/8085A/ 
8086/8088. 

INTERRUPT MASK REGISTER (IMR) 

The interrupt mask register stores the bits for the individual interrupt bits to be masked. 
The IMR masks the data in the ISR. Lower priority lines are not affected by masking a 
higher priority line. 
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INTERRUPT ACKNOWLEDGE (INTA) 

INTA pulses cause the juPD8259A to put vectoring information on the bus. The num- 
ber of pulses depends upon whether the MPD8259A is in /iPD8085A mode or 8086/ 
8088 mode. 

A ° _ _ 

Ao is usually connected to the processor's address bus. Together with WR and RD 

signals it directs the loading of data into the command register or the reading of 
status data. The following table illustrates the basic operations performed. Note that 
it is divided into three functions: Input, Output and Bus Disable distinguished by the 
RD, WR, and CS inputs. 



/iPD8259A BASIC OPERATION 


AO 


D 4 


D3 


RD 


WR 


c§ 


PROCESSOR INPUT OPERATION (READ) 



1 










1 
1 






IRR, ISR or IR -* Data Bus© 
IMR -* Data Bus 




PROCESSOR OUTPUT OPERATION (WRITE) 






1 




1 
X 



1 

X 
X 


1 
1 
1 
1 














Data Bus -*• OCW2 

Data Bus-+OCW3 

Data Bus -HCW1 

Data Bus ->OCW1, ICW2, ICW3 ® 


DISABLE FUNCTION 


X 
X 


X 
X 


X 
X 


1 
X 


1 
X 




1 


Data Bus -»• 3-State 
Data Bus -> 3-State 



Notes: (D The contents of OCW2 written prior to the READ operation governs the 
selection of the IRR, ISR or Interrupt Level. 
(2) The sequencer logic on the jiPD8259A aligns these commands in the 
proper order. 



CASCADE BUFFER/COMPARATOR. (For Use in Multiple /xPD8259 Array.) 

The IDs of all juPD8259As are buffered and compared in the cascade buffer/com- 
parator. The master /LtPD8259A sends the ID of the interrupting slave device along 
the CASO, 1, 2 lines to all slave devices. The cascade buffe r/com parator compares its 
preprogrammed ID to the CASO, 1, 2 lines. The next two INTA pulses strobe the pre- 
programmed, 2 byte CALL routine address onto the data bus from the slave whose ID 
matches the code on the CASO, 1, 2 lines. 



SLAVE PROGRAM (SP). (For Use in Multiple /iPD8259A Array.) 

The interrupt capability can be expanded to 64 levels by cascading multiple juPD8259As 
in a master-plus-slaves array. The master controls the slaves through the CASO, 1,2 
lines. The SP input to the_device selects the CASO- 2 lines as either outputs (SP=1 ) for 
the master or as inputs (SP=0) for the slaves. For one device only the SP must be set 
to a logic "1" since it is functioning as a master,. 



FUNCTIONAL 

DESCRIPTION 

(CONT.) 
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DC CHARACTERISTICS T a = o°cto70 c ; v cd = + 5V± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V, L 


-0.5 




0.8 


V 




Input High Voltage 


V|H ' 


2.0 




V CC + 0.5V 


V 




Output Low Voltage 


vol 






0.45 


V 


IOL = 2 - 2mA 


Output High Voltage 


VOH 


2.4 






V 


Iqh = -400 pA 


Interrupt Output- 
High Voltage 


v OH-INT 


2.4 






V 


l 0H = -400^ A 


3.5 






V 


'oh = -iooma 


Input Leakage Current 
for IRq-7 


I|L(IR 07 ) 






-300 


dA 


V| N = 0V 






10 


*JA 


V| N = V C c 


Input Leakage Current 
for other Inputs 


IlL 






10 


ma 


V|N = Vccto 0V 


Output Leakage Current 


! LOL 






- 10 


MA 


v OUT = 0.45 V 


Output Leakage Current 


Iloh 






10 


HA 


v OUT= V CC 


Vrc Supply Current 


Ice 






85 


mA 





CAPACITANCE T a = 25°C; V C C = GND = 0V 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C|N 






10 


pF 


f c = 1 MHz 

Unmeasured Pins 
Returned to Vss 


I/O Capacitance 


C|/0 






20 


PF 



AC CHARACTERISTICS T a -0°Cto70°C;Vcc-5V±10%<,*PD8259A> 



PARAMETER 


SYMBOL 


MPD8259A 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


AO/CS Setup to RD/fNTM 


tAHRL 







ns 




AO/CS Hold after RD/lTJTAt 


tRHAX 







ns 




RD Pulse Width 


tRLRH 


235 




ns 




AO/CS Setup to WR 4 


'AHWL 







ns 




AO/CS Hold after WRt 


•WHAX 







ns 




WR Pulse Width 


tWLWH 


290 




ns 




Data Setup to WRt 


tDVWH 


240 




ns 




Data Hold after WRt 


tWHDX 







ns 




Interrupt Request Width (Low) 


tJLJH 


100 




ns 


© 


Cascade Setup to Second or Third 
IFTTTU (Slave Only) 


tCVIAL 


55 




" ns 




End of R"d" to Next Command 


tRHRL 


160 




ns 




End of WR to Next Command 


tWHRL 


190 




ns 





Note: (D This Is the low time required to clear the input latch in the edge triggered mode. 




PARAMETER 


SYMBOL 


MPD8259A 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


Data Valid from RD/INTAJ 


tRLDV 




200 


ns 


C of Data Bus - 100 pF 
C of Data Bus 
Max Test C = 100 pF 
Mln Test C - 1 5 pF 

C|nt - 100 pF 
CCASCADE " 1°° P F 


Data Float after RD/iNTAt 


tRHDZ 




100 


ns 


Interrupt Output Delay 


tJHIH 




350 


ns 


Cascade Valid from First INTAl 
(Master Only) 


tIALCV 




565 


ns 


Enable Active from RDi or INTA4 


tRLEL 




125 


ns 


Enable Inactive from RDt or INTAt 


tRHEH 




150 


ns 


Data Valid from Stable Address 


tAHDV 




200 


ns 


Cascade Valid to Valid Data 


<CVDV 




300 


n, 
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2.4 



0.45- 



INPUT WAVEFORMS FOR AC TESTS 



-2.0 

> 

r 0.8 



TEST POINTS 



<DC 



AC CHARACTERISTICS 
(CONT.) 



ADDRESS BUS 
A 



\ 



X 



WRITE MODE 

- tWLWH - 



/ 



X 



X 



X 



TIMING 
WAVEFORMS 



ADDRESS BUS 
A 



\ 



>; 



read/iSTa mode 

tRLRH 



jr 



\ — tRU 



— tRLDV ■ 
- l AHDV — 



< 



f 



tRHEH 

■ tRHAX 



X 



y 



OTHER TIMING 



\ /r— ,RHRL — A / 



\ £ 



* r 
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TIMING WAVEFORMS 
(CONT.) 



INTA SEQUENCE 



DETAILED OPERATIONAL 
DESCRIPTION 




INT- 
FTCTa"- 



/ 



V \ 



«CVIAL— * 
tcvDV 



W W KV 



tO----0----0- 

AL— * — — — 'CVIAL 



— «IALCV - 

The sequence used by the //PD8259A to handle an interrupt depends upon whether 
an 8080A/8085A or 8086/8088 CPU is being used. 

The following sequence applies to 8080A/8085A systems: 

The /UPD8259A derives its versatility from programmable interrupt modes and the 
ability to jump to any memory address through programmable CALL instructions. The 
following sequence demonstrates how the juPD8259A interacts with the processor. 

1. An interrupt or interrupts appearing on IRfj-7 sets the corresponding IR bit(s) 
high. This in turn sets the corresponding IRR bit(s) high. 

2. Once the IRR bit(s) has been set, the juPD8259A will resolve the priorities 
according to the preprogrammed interrupt algorithm. It then issues an INT signal 
to the processor. 

3. The processor group issues an INTA to the JUPD8259A when it receives the INT. 

4. The INTA input to the juPD8259A from the processor gro up sets the highest 
priority ISR bit and resets the corresponding IRR bit. The INTA also signals the 
MPD8259A to issue an 8-bttCALL instruction op-code (1 1001 101 ) onto its Data 
buslines. 

5. The C ALL instruction code instructs the processor group to issue two more 
INTA pulses to the A/PD8259A. 

6. The two INTA pulses signal the juPD8259A to pla ce its preprogrammed interrupt 
vector address onto the Data bus. Th e first INTA releases the low-order 8-bits 

of the address and the second INTA releases the high-order 8-bits. 

7. The iuPD8259A's CALL instruction sequence is complete. A preprogrammed 
EOI (End-of- Interrupt) command is issued to the juPD8259A at the end of an 
interrupt service routine to reset the ISR bit and allow the yuPD8259A to service 
the next interrupt. 

For 8086/8088 systems the first three steps are the same as described above, then the 
following sequence occurs: 

4. During the first INTA from the processor, the ptPD8259A does not drive the 
data bus. The highest priority ISR bit is set and the corresponding IRR bit is 
reset. 

5. The MPD8259A puts vector onto the data bus on the second INTA pulse from 
the 8086/8088. 

6. There is no third INTA pulse i n this mode. In the AEOI mode the ISR bit is 
reset at the end of the second INTA pulse, or it remains set until an EOI com- 
mand is issued. 
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8080A/8085A MODE 

For th ese processors, the /zPD8259A is controlled by three INTA pulses. The first 
INTA pulse will c ause the /uPD8259A to put the CALL op-code onto the data bus. The 
second and third INTA pulses will cause the upper and lower address of the interrupt 
vector to be released on the bus. 

07 M 05 04 03 02 D1 DO 



INTERRUPT 
SEQUENCE 



FIRST INTA 



IR 


lntwval-4 




07 


06 


05 


04 D3 


02 


01 


00 


7 


A7 


AS 


A5 


1 1 


1 








6 


A7 


A6 


A5 


1 1 











5 


A7 


A6 


A5 


1 


1 








4 


A7 


A6 


AS 


1 











3 


A7 


A6 


A5 


1 


1 








2 


A7 


A6 


A5 


1 











1 


A7 


A6 


A5 





1 











A7 


A6 


AS. 
















IN 


Interval -e 




07 


06 


., 05 


04 D3 


02 


01 


00 


7 


A7 , 


A6 


. 1 


1 1 











6 


A7 


A6 


1 


1 











5 


A7 


A6 


1 


1 











4 


A7 


A6 


1 














3 


A7 


A8 





1 1 











2 


A7 


A6 





1 











1 


A7 


A6 





1 














A7 


A6 

















07 


06 




05 


04 03 


D2 


01 


DO 


[ A1S 


| A14 


I 


A13 | 


A12 | All | 


A10 


A9 


I - 



SECOND INTA 



THIRDTnTA 



In this mode only two INTA pulses are sent to the /iPD8259A. After the first INTA 
pulse, the /XPD8259A does not output a CALL but internally sets priority resolution. 
If it is a maste r, it se ts the cascade lines. The interrupt vector is output to the data bus 
on the second INTA pulse. 





D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


IR7 


T7 


T6 


T5 


T4 


T3 


1 


1 


1 


IR6 


T7 


T6 


T5 


T4 


T3 


1 


1 





IR5 


T7 


T6 


T5 


T4 


T3 


1 





1 


IR4 


T7 


T6 


T5 


T4 


T3 


1 








IR3 


T7 


T6 


T5 


T4 


T3 





1 


1 


IR2 


T7 


T6 


T5 


T4 


T3 





1 





IR1 


T7 


T6 


T5 


T4 


T3 








1 


IRO 


T7 


T6 


T5 


T4 


T3 
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IN ITIALIZATION ICW1 AND ICW2 
COMMAND WORDS 



A5-A15. Page starting address of service routines. In an 8085 A system, the 8 request 
levels generate CALLs to 8 locations equally spaced in memory. These can be pro- 
grammed to be spaced at intervals of 4 or 8 memory locations, thus the 8 routines 
occupy a page of 32 or 64 bytes, respectively. 

The address format is 2 bytes long (A0-A15). When the routine interval is 4, A0-A4 are 
automatically inserted by the juPD8259A, while A5-A15 are programmed externally. 
When the routine interval is 8, A0-A5 are automatically inserted by the /iPD8259A, 
while A6-A15 are programmed externally. 

The 8-byte interval maintains compatibility with current software, while the 4-byte 
interval is best for a compact jump table. 

In an MCS-86 system, T7-T3 are inserted in the five most significant bits of the vector- 
ing byte and the ;uPD8259A sets the three least significant bits according to the inter- 
rupt level. A10-A5 are ignored and ADI (Address Interval) has no effect. 

LTIM: If LTIM = 1, then the /ixPD8259A operates in the level interrupt mode. 

Edge detect logic on the interrupt inputs is disabled. 
ADI: CALL address interval. ADI = 1 then interval = 4; ADI = then 

interval = 8. 
SNGL: Single. Means that this is the only //PD8259A in the system. If SNGL = 

1 no ICW3 is issued. 
IC4: If this bit is set - ICW4 has to be read. If ICW4 is not needed, set 

IC4 = 0. 

ICW3 

This word is read only when there is more than one ;uPD8259A in the system and cas- 
cading is used, in which case SNGL = 0. It will load the 8-bit slave register. The func- 
tions of this register are: 

a. In the master mode (either when SP = 1, or in buffered mode when M/S = 1 in 
ICW4) a "1" is set for each slave in the system. The master then releases 
byte 1 of the call sequence (for 8085A system) and enables the correspond- 
ing slave to release bytes 2 and 3 (for 8086/8088 only byte 2) through the 
cascade lines. 

b. In the slave mode (either when SP = 0, or if BUF = 1 and M/S = in ICW4) 
bits 2-0 identify the slave. The slave compares its cascade input with these bits 
and if they are equal, bytes 2 and 3 of the CALL sequence (or just byte 2 for 
8086/8088) are released by it on the Data Bus. 

ICW4 

SFNM: If SFNM = 1 the special fully nested mode is programmed. 

BUF: If BUF = 1 the buffered mode is programmed. In buffered mode SP/EN 
becomes an enable output and the master/slave determination is by 
M/S. 

M/S: If buffered mode is selected: M/S = 1 means the //PD8259A is pro- 

grammed to be a master, M/S = means the /xPD8259A is programmed 
to be a slave. If BUF = 0, M/S has no function. 

AEOI : If AEOI = 1 the automatic end of interrupt mode is programmed. 

MPM : Microprocessor mode: juPM = sets the juPD8259A for 8085A system 
operation, ;uPM = 1 sets the /xPD8259A for 8086 system operation. 



m 
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M 


or 


Dt 


M 


04 


OS 


Dt 


01 


DO 


r^ 


AT 


M 


M 


1 


LTW 


AM 


WML 


IC4 | 


i 


L_ 


A1S/17 


A14/T6 


A13/TB 


A12/T4 


A11/T3 


A10 


A9 


" 



INITIALIZATION 
SEQUENCE 



(•NQL.1) 




NO (WML -9 



S2/102 SI/101 SO/IDO IKWI 




SFNM §UF Mm AEOI »#M I ICW4 



READY TO ACCEPT INTERRUPTS 
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OPPE RATIONAL COMMAND Once the //PD8259A has been programmed with Initialization Command Words, 
WORDS (OCW's) (2) it can be programmed for the appropriate interrupt algorithm by the Operation 

Command Words. Interrupt algorithms in the //PD8259A can be changed at any time 
during program operation by issuing another set of Operation Command Words. The 
following sections describe the various algorithms available and their associated OCW's. 

INTERRUPT MASKS 

The individual Interrupt Request input lines are maskable by setting the corresponding 
bits in the Interrupt Mask Register to a logic "1" through OCW1. The actual masking 
is performed upon the contents of the In-Service Register (e.g., if Interrupt Request 
line 3 is to be masked, then only bit 3 of the IMR is set to logic "1." The IMR in turn 
acts upon the contents of the ISR to mask bit 3). Once the /iPD8259A has acknowledged 
an interrupt, i.e., the /IPD8259A has sent an INT signal to the processor and the system 
controller has sent it an INTA signal, the interrupt input, although it is masked, 
inhibits lower priority requests from being acknowledged. There are two means of 
enabling these lower priority interrupt lines. The first is by issuing an End-of-lnterrupt 
(EOI) through Operation Command Word 2 (OCW2), thereby resetting the appro- 
priate ISR bit The second approach is to select the Special Mask Mode through OCW3. 
The Special Mask Mode (SMM) and End-of-lnterrupt (EOI) will be described in more 
detail further on. 

FULLY NESTED MODE 

The fully nested mode is the /xPD8259A's basic operating mode. It will operate in this 
mode after the initialization sequence, without requiring Operation Command Words 
for formatting. Priorities are set IRfj through IR7, with IRfj the highest priority. After 
the interrupt has been acknowledged by the processor and system controller, only 
higher priorities will be serviced. Upon receiving an INTA, the priority resolver 
determines the priority of the interrupt, sets the corresponding IR bit, and outputs the 
vector address to the Data bus. The EOI command resets the corresponding ISR bits at 
the end of its service routines. 

Notes: Q) Reference Figure 2 
© Reference Figure 3 
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ROTATING PRIORITY MOPE COMMANDS 

The two variations of Rotating Priorities are the Auto Rotate and Specific Rotate 
modes. These two modes are typically used to service interrupting devices of equivalent 
priorities. 

1. Auto Rotate Mode 

Programming the Auto Rotate Mode through OCW2 assigns priorities 0-7 to the 
interrupt request input lines. Interrupt line IRo is set to the highest priority and 
I R7 to the lowest. Once an interrupt has been serviced it is automatically 
assigned the lowest priority. That same input must then wait for the devices 
ahead of it to be serviced before it can be acknowledged again. The Auto Rotate 
Mode is selected by programming OCW2 in the following way (refer to Figure 3): 
set Rotate Priority bit "R" to a logic "1"; program EOI to a logic "1" and SEOI 
to a logic "0." The EOI and SEOI commands are discussed further on. The 
following is an example of the Auto Rotate Mode with devices requesting 
interrupts on lines rR 2 and I R 5. 

Before Interrupts are Serviced: 



OPERATIONAL COMMAND 
WORDS (CONT.) 



In-Service Register 



Priority Status 
Register 



IS 7 


is 6 


IS5 


IS4 


IS3 


IS 2 


IS! 


ISo 








1 








1 














IR 7 


IR6 


IR5I IR4 


IR3 


IR2 


IR1 


IRO 



Highest 
Priority 



According to the Priority Status Register, IR2 has a higher priority than IR5 and 
will be serviced first 

After Servicing: 



In-Service Register 



Priority Status 
Register 



IS 7 


IS 6 


IS5 


IS4 


IS3 


is 2 


IS| 


ISo 








1 





































IR2 


IR1 


IRQ 


IR7 


|R 6 | 


1R5 


IR4 


IR3 



Highest 
Priority 



At the completion of IR2's service routine the corresponding In-Service Register 
bit, IS2 is reset to "0" by the preprogrammed EOI command. IR2 is then assigned 
the lowest priority level in the Priority Status Register. The MPD8259A is now 
ready to service the next highest interrupt, which in this case, is IR5. 

Specific Rotate Mode 

The priorities are set by programming the lowest level through OCW2. The 
MPD8259A then automatically assigns the highest priority. If, for example, IR3 is 
set to the lowest priority (bits l_2, Li, Lo form the binary code of the bottom 
priority level), then IR4 will be set to the highest priority. The Specific Rotate 
Mode is selected by programming OCW2 in the following manner: set Rotate 
Priority bit "R" to a logic "1," program EOI to a logic "0," SEOI to a logic "1" 
and l_2, Li, Lo to the lowest priority level. If EOI is set to a logic "1," the ISR 
bit defined by L2, Li, Lq is reset. 
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OPERATIONAL COMMAND END-OF-INTERRUPT (EOI) AND SPECIFIC END-OF-INTERRUPT (SEOI) 
WUHUb (OUINT.) j he End-of-lnterrupt or Specific End-of- Interrupt command must be issued to reset the 

appropriate In-Service Register bit before the completion of a service routine. Once the 
ISR bit has been reset to logic "0," the //PD8259A is ready to service the next interrupt. 

Two types of EOls are available to clear the appropriate ISR bit depending on the 
/uPD8259A's operating mode. 

1. Non-Specific End-of-lnterrupt (EOI) 

When operating in interrupt modes where the priority order of the interrupt inputs 
is preserved (e.g., fully nested mode), the particular ISR bit to be reset at the com- 
pletion of the service routine can be determined. A non-specific EOI command 
automatically resets the highest priority ISR bit of those set.|The highest 
priority ISR bit must necessarily be the interrupt being serviced and must neces- 
sarily be the service subroutine returned from. 

2. Specific End-of-lnterrupt (SEOI) 

When operating in interrupt modes where the priority order of the interrupt 
inputs is not preserved (e.g., rotating priority mode) the last serviced interrupt 
level may not be known. In these modes a Specific End-of-lnterrupt must be 
issued to clear the ISR bit at the completion of the interrupt service routine. 
The SEOI is programmed by setting the appropriate bits in OCW3 (Figure 2) 
to logic "1"s. Both the EOI and SEOI bits of OCW3 must be set to a logic "1" 
with l_2, Li, Lrj forming the binary code of the ISR bit to be reset. 

SPECIAL MASK MODE 

Setting up an interrupt mask through the Interrupt Mask Register (refer to Interrupt 
Mask Register section) by setting the appropriate bits in OCW1 to a logic "1" 
inhibits lower priority interrupts from being acknowledged. In applications requiring 
that the lower priorities be enabled while the IMR is set, the Special Mask Mode can be 
used. The SMM is programmed in OCW3 by setting the appropriate bits to a logic "1." 
Once the SMM is set, the ju p D8259A remains in this mode until it is reset. The Special 
Mask Mode does not affect the higher priority interrupts. 

POLLED MODE 

In Poll Mode the processor must be instructed to disable its interrupt input (INT). 
Interrupt service is initiated through software by a Poll Command. Poll Mode is 
programmed by setting the Poll Mode bit in OCW3 (P = 1), during a WR pulse. The 
following RD pulse is then considered as an interrupt acknowledge. If an interrupt 
input is present, that RD pulse sets the appropriate ISR bit and reads the interrupt 
priority level. Poll Mode is a one-time operation and must be programmed through 
OCW3 before every read. The word strobed onto the Data bus during Poll Mode is of 
the form: 



D7 


D6 


D5 


D 4 


D3 


D2 Di Do 


I 


X 


X 


X 


X 


W 2 Wi Wq 



where: I - 1 if there is an interrupt requesting service 
= if there are no interrupts 

W2-0 forms the binary code of the highest priority 
level of the interrupts requesting service 

Poll Mode can b e used when an interrupt service routine is common to several inter- 
rupt inputs. The I NT A sequence is no longer required, thus saving in ROM space. 
Poll Mode can also be used to expand the number of interrupts beyond 64. 
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s °» 



ITtW AOt SNGL IC4 



I ICW4 NEEDED 
■ NO ICW4 NEEDED 



CALL ADDRESS INTERVAL 
1 • INTERVAL Or 4 
0> INTERVAL OF S 



1 - LEVEL TMQQERED MODE 
- EDGE TRIGGERED MOOE 



A.-A. <H INTERRUPT 
VECTOR ADORES* 
(MCB-SO'M MODE ONLY) 



INITIALIZATION COMMAND 
WORD FORMAT 



N 





J 


°t 


°» 





4 


°i 


<H 


o, 


°. 




I' 


% 


*I4/ 

A, 


A. 


'X 


A 


*». 


*» 


*t 






























A,.-*, OF INTERRUPT 
VECTOR ADDRESS 

(MC 380 /6S MODE) 
T,-T, OF INTERRUPT 
VECTOR ADDRESS 

(soae/aoes mode) 


A, 


1 





V 


IC 



■m 


IM 



UT 

4 


ID 

c 


01 

S 


C 


(I 





S 





W 





1 


*T 


«• 


*» 


*4 


*> 


*> 


s, 


*. 


































1 




IR INPUT MAS A SLAVE 
IR INPUT DOES NOT HAVE 
A SLAVE 





































ICW3ISL AVE DEVICE! 
°» O. »4 °1 »1 



1 

















10, 


10, 


10, 
































SLAVE IW" 











i 


1 


3 


4 


s 


« 


» 






e 


i 





1 





1 





1 

















e 


1 


1 








t 


1 














e 











1 


1 


1 


1 





















ICM 
O* Oft 



04 03 0] 0| 



_ t - BOM/MM MODE 

^ - MCS-aO/W MOOE 



_i_Z3 



■ NON SUFFERED MOOE 
SUFFEREO MODE/SLAVE 
SUFFERED MODE/MASTER 



1 - SPECIAL FULLY NESTED 

- NOT SPECIAL FULLY 

NESTEOMQOE 



NOTE 1: SLAVE 10 IS EQUAL TO THE CORRESPONDING MASTER IR INPUT. 
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READING MPD8259 STATUS 



PPD8259A 

The following major registers' status is available to the processor by appropriately 
formatting OCW3 and issuing RD command. 



INTERRUPT REQUEST REGISTER (8-BITS) 

The Interrupt Request Register stores the interrupt levels awaiting acknowledgement. 
The highest priority in-service bit is reset once it has been acknowledged. (Note that 
the Interrupt Mask Register hasjio effect on the IRR.) A WR command must be issued 
with OCW3 prior to issuing the RD command. The bits which determine whether the 
IRR and ISR are being read from are RIS and ERIS. To read contents of the IRR, ERIS 
must be logic "1" and R IS a logic "0." 



IN-SERVICE REGISTER (8-BITS) 

The In-Service Register stores the priorities of the interrupt levels being serviced. 
Assertion of an End-of- Interrupt (EOI) updates the ISR to the next priority level. A 
WR command must be issued with OCW3 prior to issuing the RD command. Both ERIS 
and RIS should be set to a logic "1." 

INTERRUPT MASK REGISTER (8-BITS) 

The Interrup t Ma sk Register holds mask data modifying interrupt levels. To read the 
IMR status a WR pulse preceding the RD is not necessary. The IMR data is available to 
the data bus whenTTD is asserted with An, at a logic "1." 

A single OCW3 is sufficient to enable successive status reads providing it is of the same 
register. A status read is over-ridden by the Poll Mode when bits P and ERIS of OCW3 
are set to a logic "1." 



OPERATION COMMAND 
WORD FORMAT 



Aq D 7 Dg D S 0« Dj Oj D1 D 
1 I M 7 | Me [ M 6 I M 4 ~[ M 3 | M; | M, | Mp J 



1 - Corresponding bit In 
IRR is masked. 
*»| ■ No mask present tor 
the corresponding 
IRR bit. 



Aq O7 Og Pfj D4 D3 D2 Di Do 
OCW2: J [ R [ SEOl|60l | | | L2 | L] | Lq"~] 



BINARY LEVEL TO BE RESET 
OR PUT INTO LOWEST PRIORITY 
HI 



-a- 



NON-SPECIFIC END OF INTERRUPT 
1 - Reset the Highest Priority 

Bit of ISR 
• No Action 



SPECIFIC END OF INTERRUPT 
1 - L2. Lii Lo Bits ere used 
- No Action 



ROTATE PRIORITY 
1 - Route 
- Not Route 



D4 D3 D2 D) Dp 

| 1 I P I ERIS [ RIS I — 



B 



I Rwd In-St rvicc Rtgtftar 



RMd Binary Codtof 
Might* t Ltvtl Requesting 
Interrupt on Ntxt ff5 ftih* 
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t 


! 


1 Special Meek Mode 








No Action 





1 


No Action 


1 





Read Special Mask 


1 


1 


Set Specks! Mask 



M PD8259A 



INSTRUCTION SET SUMMARY 



MfWffKHHC 



SUMMARY OF 6259A INSTRUCTION SET 

AO D7 DA D6 04 03 02 01 00 



Operation Description 



1 


ICW1 


A 





A7 


A6 


A5 


1 





1 


1 





2 


ICW1 


B 





A7 


A6 


A5 


1 


1 


1 


1 





3 


ICW1 


C 





A7 


A6 


A5 


1 





1 








4 


ICW1 








A7 


A6 


A5 


1 


1 


1 








.5 


ICW1 


E 





A7 


A6 





1 








1 





6 


tCWI 


F 





A7 


A6 





1 


1 





1 





7 


ICW1 


G 





A7 


A6 





1 














8 


ICW1 


H 





A7 


A6 





.1 


1 











9 


ICW1 


1 





A7 


A6 


A5 


1 





1 


1 




10 


ICW1 


J 





A7 


A6 


A5 


1 


1 


1 


1 




11 


ICW1 


K 





A7 


A6 


A5 


1 





1 







12 


ICW1 


L 





A7 


A6 


A5 


1 


1 


1 







13 
14 


ICW1 
ICW1 


M 
N 






A7 
A7 


A6 
A6 






1 
1 




1 






1 
1 




15 


ICW1 








A7 


A6 





1 













16 


ICW1 


P 





A7 


A6 





1 


1 










17 


ICW2 






A15 


A14 


AI3 


A12 


A11 


A10 


A9 


A8 


18 


ICW3 


M 




S7 


se 


S5 


S4 


S3 


S2 


S1 


SO 


19 


ICW3 


S 



















S2 


S1 


SO 


20 


ICW4 


A 




























21 


ICW4 


B 

























1 


22 


ICW4 


C 






















1 





23 


ICW4 

























1 


1 


24 


ICVV4 


E 



















1 








25 


ICW4 


F 



















1 





1 


26 


ICW4 


G 



















1 


1 





27 


ICW4 


H 



















1 


1 


1 


28 


ICW4 


1 



























29 


ICW4 


J 
























1 


30 


ICW4 


K 





















1 





31 


ICW4 


L 





















1 


1 


32 


ICW4 


M 


















1 








33 


ICW4 


N 


















1 





1 


34 


ICW4 


O 


















1 


1 





35 


ICW4 


P 


















1 


1 


1 


36 


ICW4 


NA 
























.0 


37 


ICVV4 


NB 
























1 


38 


ICW4 


NC 





















1 





39 


ICW4 


ND 





















1 


1 


40 


ICW4 


NE 


















1 








41 


ICW4 


NF 


















1 





1 


42 


ICW4 


NG 


















1 


1 





43 


ICW4 


NH 


















1 


1 


1 


44 


ICW4 


Nl 


























45 


ICW4 


NJ 























1 


46 


ICW4 


NK 




















1 





47 


ICW4 


NL 




















1 


1 


48 


ICW4 


NM 

















1 








49 


ICW4 


NN 

















1 





1 


50 


ICW4 


NO 

















1 


1 





51 


ICW4 


NP 

















1 


1 


1 


52 


OCW1 






M7 


M6 


M5 


M4 


M3 


M2 


M1 


MO 


53 


OCW2 


E 











1 

















54 


OCW2 


SE 








1 


1 








L2 


L1 


LO 


55 


OCW2 


RE 





1 





1 

















56 


OCW2 


RSE 





1 


1 


1 








L2 


L1 


LO 


57 


OCW2 


R 





1 























58 


OCW2 


CR 





























59 


OCW2 


RS 





1 


1 











L2 


L1 


LO 


60 


OCW3 


P 

















1 


1 








61 


OCW3 


RIS 

















1 





1 


1 



Byte 1 Initialization 
No ICW4 Required 



Byte 1 Initialization 



ICW4 Required 



Format = 4, single, edge triggered 
Format = 4, single, level triggered 
Format = 4, not single, edge triggered 
Format = 4, not single, level triggered 
Format = 8, single, edge triggered 
Format = 8, single, level triggered 
Format ■ 8, not single, edge triggered 
Format = 8, not single, level triggered 

Format > 4, single, edge triggered 
Format ■ 4, single, level triggered 
Format » 4, not single, edge triggered 
Format » 4, not single, level triggered 
Format * 8, single, edge triggered 
Format ■ 8, single, level triggered 
Format » 8, not single, edge triggered 
Format ■ 8, not single, level triggered 

Byte 2 initialization 

Byte 3 Initialization — master 

Byte 3 initialization — slave 

No action, redundant 

Non-buffered mode, no AEOI, 8086/8088 

Non-buffered mode, AEOI, 80/85 

Non-buffered mode, AEOI, 8086/8088 

No action, redundant 

Non-buffered mode, no AEOI, 8086/8088 

Non-buffered mode, AEOI, 80/85 

Non-buffered mode, AEOI, 8086/8088 

Buffered mode, slave, no AEOI, 80/85 

Buffered mode, slave, no AEOI, 8086/8088 

Buffered mode, slave, AEOI, 80/85 

Buffered mode, slave, AEOI, 8086/8088 

Buffered mode, master, no AEOI, 80/85 

Buffered mode, master, no AEOI, 8086/8088 

Buffered mode, master, AEOI, 80/85 

Buffered mode, master AEOI, 8086, 8088 

Fully nested mode, 8085A, non-buffered, no AEOI 

ICW4 NB through ICW4 ND are identical to 
ICW4 B through ICW4 D with the addition of 
Fully Nested Mode 

Fully Nested Mode, 80/85, non-buffered, no AEOI 



ICW4 NF through ICW4 NP are identical to 
ICW4 F through ICW4 P with the addition of 
Fully Nested Mode 



Load mask register, read mark register 

Non-specific EOI 

Specific EOI, L0-L2 code of IS FF to be reset 

Rotate on Non-Specific EOI 

Rotate on Specific EOI L0-L2 code of line 

Rotate in Auto EOI (set) 

Rotate in Auto EOI (clear) 

Set Priority Command 

Poll mode 

Read IS register 
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SUMMARY OF OPERATION 

COMMAND WORD 

PROGRAMMING 





A 


D 4 


D 3 








OCW1 


1 


X 


X 


M 7 -M 


IMR (Interrupt Mask Register) WR loads IMR data wtiils 
RD reads status 


OCW2 











R SEOI 


EOI 














No Action 


1 


Non-Specific End-of-lnterrupt 


1 





No Action 


1 1 


Specific-End-of-lnterrupt L2, Li, l_o forms binary representation 
of level to be reset. 


1 





No Action 


1 1 


Rotate Priority at End-of-lnterrupt (Auto Mode) 


1 1 


Rotate Priority, 1-2,1-1. Lo specifies bottom priority without 
End-of-lnterrupt 


1 1 1 


Rotate Priority at End-of-lnterrupt (Specific Mode). L2, Li, Lo 
specifies bottom priority, and its In-Service Register bit is reset. 


OCW3 








1 


ESMM 


SMM 














Special Mask not affected 


1 


1 





Reset Special Mask 


1 1 


Set Special Mask 


ERIS 


RIS 










No Action 


1 


1 


Reed IR Register Status 


1 1 


Read IS Register Status 



LOWER MEMORY 

INTERRUPT VECTOR 

ADDRESS 







INTERVAL 


-4 












INTERVAL - 


8 








D7 


D6 


05 4 


03 


02 


01 


DO 


07 


oe 


O5 O4 D3 


D 2 


Dl 


Do 


IR 7 


A? 


Ae 


A5 1 


1 


1 








A 7 


Ae 


1 1 1 











iRe 


A7 


A6 


A B 1 


1 











A 7 


Ae 


1 1 











1R5 


A? 


Ae 


A 8 1 





1 








A7 


Ae 


1 1 











ir 4 


A7 


A6 


A 5 1 














A 7 


Ae 


10 











1R3 


A 7 


A6 


A 5 


1 


1 








A 7 


Ae 


1 1 











1R2 


A? 


Ae 


A 6 


1 











A 7 


a 6 


1 











1R1 


A 7 


Ae 


A 5 





1 








A 7 


Ae 


1 











IRQ 


A7 


Ae 


A 5 














A 7 


Ae 















FIGURE 4 

Note: Insure that the processor's Interrupt input is disabled during the execution of any control command and 
initialization sequence for all *tPD8259A's. 
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PACKAGE OUTLINE 
MPD8259AC 



Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


38.0 MAX. 


1.496 MAX. 


e 


2.49 


0.098 


C 


2.54 


0.10 





nsto.1 


0.02 ♦ 0.004 


E 


33.02 


1.3 


F 


l.S 


0.059 


Q 


2.64 MIN. 


0.10MIN. 


H 


0.5 MIN. 


0.02 MIN. 


1 


5.22 MAX. 


0.205 MAX. 


J 


6.72 MAX. 


0.225 MAX. 


K 


15.24 


0.6 


L 


13.2 


0.52 


M 


«,* + 0.10 
026 -0.05 


°v° r, 






h 1 


— K- *- 




"- *" 


1 


l 


J 


«-M 


0-10°*- 



MPD8259AD 



Ceramic 



ITEM 


MILLIMETERS 


INCHES 


A 


36.2 MAX. 


1.43 MAX. 


B 


1.59 MAX. . 


0.06 MAX. 


C 


2.54 t 0.1 


0.1 l 0.004 





0.46 s 0.01 


0.02 t 0.004 


E 


33.02 ± 0.1 


1.3 s 0.004 


F 


1.02 MIN. 


0.04 MIN. 


G 


3.2 MIN. 


0.13 MIN. 


H 


1.0 MIN. 


0.04 MIN. 


I 


3.5 MAX. 


0.14 MAX. 


J 


4.5 MAX. 


0.18 MAX. 


K 


15.24 TYP. 


0.6 TYP. 


L 


14.93 TYP. 


0.59 TYP. 


M 


0.25 ± 0.05 


0.01 * 0.002 
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NEC 

NEC Electronics U&A. Inc. 

Microcomputer Division 



pPD8279-5 



PROGRAMMABLE KEYBOARD/DISPLAY 
INTERFACE 



DESCRIPTION 



FEATURES 



PIN CONFIGURATION 



The juPD8279-5 is a programmable keyboard and display Input/Output device. It 
provides the user with the ability to display data on alphanumeric segment displays 
or simple indicators. The display RAM can be programmed as 16 x 8 or a dual 
16x4 and loaded or read by the host processor. The display can be loaded with 
right or left entry with an auto-increment of the display RAM address. 

The keyboard interface provides a scanned signal to a 64 contact key matrix expand- 
able to 128. General sensors or strobed keys may also be used. Keystrokes are stored 
in an 8 character FIFO and can be either 2 key lockout or N key rollover. Keyboard 
entries generate an interrupt to the processor. 

Programmable by Processor 

32 HEX or 16 Alphanumeric Displays 

64 Expandable to 128 Keyboard 

Simultaneous Keyboard and Display 

8 Character Keyboard - FIFO 

2 Key Lockout or N Key Rollover 

Contact Debounce 

Programmable Scan Timer 

Interrupt on Key Entry 

Single +5 Volt Supply, ±10% 

Fully Compatible with 8080A, 8085A, /aPD780 (Z80™) 

Available in 40 Pin Plastic Package 



RL.2 
RL 3 
CLK 
IRQ 
RL-4 
RL 5 
RL 6 
RL 7 

RESET 
RD 
WR 
DB 
DB 1 
DB 2 
DB 3 
DB4 
DB5 
DB 6 
DB 7 
V S S 



c 


1 


^J 


40 


3 


c 


2 




39 


3 


c 


3 




38 


3 


c 


4 




37 


3 


c 


5 




36 


3 


c 


6 




35 


3 


c 


7 




34 


3 


c 


8 




33 


1 


c 


9 


/jPD 


32 


n 


c 


10 


8279-5 


31 


3 


c 


11 




30 


3 


c 


12 




29 


3 


c 


13 




28 


3 


c 


14 




27 


3 


c 


15 




26 


3 


c 


16 




25 


3 


c 


17 




24 


3 


c 


18 




23 


3 


c 


19 




22 


3 


c 


20 




21 


3 



PIN NAMES 



vcc 

RM 
RLO 

CNTL/STB 
SHIFT 

SL 3 

SL 2 

SM 

SL 

OUT B 

OUTBt 

OUTB2 

OUTB3 

OUT Afj 

OUTA.] 

OUTA2 

OUT A3 

BD 

CS 

A 



DB -7 


Data Bus (Bi-directional) 


CLK 


Clock Input 


RESET 


Reset Input 


CS 


Chip Select 


RD 


Read Input 


WR 


Write Input 


A 


Buffer Address 


IRQ 


Interrupt Request Output 


SL -3 


Scan Lines 


RL -7 


Return Lines 


SHIFT 


Shift Input 


CNTL/STB 


Control/Strobe Input 


OUT A -3 


Display (A) Outputs 


OUT B -3 


Display (B) Outputs 


BD 


Bland Display Output 



B 



TM: Z80 is a registered trademark of Zilog, Inc. 
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TheMPD8279-5 has two basic functions: 1) to control displays to output and 2) to FUNCTIONAL 

control a keyboard for input. Its specific purpose is to unburden the host processor DESCRIPTION 

from monitoring keys and refreshing displays. The /nPD8279-5 is designed to directly 
interface the microprocessor bus. The microprocessor must program the operating 
mode to the /IPD8279-5, these modes are as follows: 

Output Modes 

• 8 or 16 Character Display 

• Right or Left Entry 

Input Modes 

• Scanned Keyboard with Encoded 8x8x4 Key Format or Decoded 4x8 x 8 
Scan Lines. 

• Scanned Sensor Matrix with Encoded 8 x 8 or Decoded 4x8 Scan Lines. 

• Strobed Input. 

BLOCK DIAGRAM 



CLK RESET DB 0-7 



RD WR CS A 



U | J J] ^ 



DATA 
BUFFERS 



I 



I/O CONTROL 



DISPLAY 
ADDRESS 
REGISTERS 







I 



INTERNAL - DATA BUS (8) 



16x8 

DISPLAY 

RAM 



±z. 



CONTROL AND 

TIMING 

REGISTERS 



LZ 



DISPLAY 
REGISTERS 



7^ 



8x8 

FIFO/SENSOR 

RAM 



FIFO/SENSOR 

RAM 

STATUS 



I 



KEYBOARD 
DEBOUNCE 

AND 
CONTROL 



TIMING 

AND 

CONTROL 



H 



SCAN COUNTER! I RETURN 



OUTAq-3 OUTBq.3 



SLq.3 



'Ul 

T 



R 1-0.7 

CNTL/STB 



Operating Temperature C to +70 C 

Storage Temperature -65°C to +150° C 

All Output Voltages -0.5 to +7 Volts© 

All Input Voltages -0.5 to +7 Volts© 

Supply Voltages -0.5 to +7 Volts© 

Power Dissipation 1W 

Note: © With respect to Vss 

T a = 25° C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 
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PIN IDENTIFICATION 



PIN 


DESCRIPTION 


NO. 


SYMBOL 


NAME 


1,2,5, 
6, 7, 8, 
38,39 


RL0-7 


Return Lines 


Return line inputs which are connected to the scan 
lines through the keys or sensor switches. They 
have active internal pullups to keep them high until 
a switch closure pulls one low. They also serve as an 
8-bit input in the Strobed Input mode. 


3 


CLK 


Clock 


Clock from system used to generate internal timing. 


4 


IRQ 


Interrupt 
Request 


Interrupt Request. In a keyboard mode, the inter- 
rupt line is high when there is data in the FIFO/ 
Sensor RAM. The interrupt line goes low with each 
FIFO/Sensor RAM read and returns high if there 
is still information in the RAM. In a sensor mode, 
the interrupt line goes high whenever a change in a 
sensor is detected. 


9 


Reset 


Reset Input 


A high signal on this pin resets the AiPD8279-5. 


10 


RD 


Read Input 


Input/Output read and write. These signals enable 
the data buffers to either send data to the external 
bus or receive it from the external bus. 


11 


WR 


Write Input 


12-19 


DBo-7 


Data Bus 


Bi-Directional data bus. All data and commands 
between the processor and the MPD8279-5 are 
transmitted on these lines. 


20 


v ss 


Ground 
Reference 


Power Supply Ground 


21 


AO 


Buffer Address 


Buffer Address. A high on this line indicates the 
signals in or out are interpreted as a command or 
status. A low indicates that they are data. 


22 


CS 


Chip Select 


Chip Select. A low on this pin enables the inter- 
face functions to receive or transmit. 


23 


BD 


Blank Display 
Output 


Blank Display. This output is used to blank the 
display during digit switching or by a display 
blanking command. 


24-27 


OUTAo-3 


Display A 
Outputs 


These two ports are the outputs for the 16x4 
display refresh registers. The data from these out- 
puts is synchronized to the scan lines (SL0-SL3) 
for multiplexed digit displays. The two 4-bit ports 
may be blanked independently. These two ports 
may also be considered as one 8-bit port. 


28-31 


OUT Brj-3 


Display B 
Outputs 


32-35 


SLo-3 


Scan Lines 


Scan Lines which are used to scan the key switch 
or sensor matrix and the display digits. These 
lines can be either encoded (1 of 16) or decoded 
(1 of 4). 


36 


Shift 


Shift Input 


The shift input status is stored along with the key 
position on key closure in the Scanned Keyboard 
modes. It has an active internal pullup to keep it 
high until a switch closure pulls it low. 


37 


CNTL/STB 


Control/ 
Strobe Input 


For keyboard modes this line is used as a control 
input and stored like status on a key closure. The 
line is also the strobe line that enters the data into 
the FIFO in Strobed input mode (Rising Edge). It 
has an active internal pullup to keep it high until 
a switch closure pulls it low. 


40 


v C c 


+5V Input 


Power Supply Input 



E 
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T a = 0°C to +70°C; Vcc = +5V ± 10%; Vss = 0V. 



DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage for 
Return Lines 


V|L1 


-0.5 




1.4 


V 




Input Low Voltage (Others) 


V|L2 


-0.5 




0.8 


V 




Input High Voltage for 
Return Lines 


V|H1 


2.2 






V 




Input High Voltage (Others) 


V|H2 


2.0 






V 




Output Low Voltage 


vol 






0.45 


V 


lOL = 2.2 mA 


Output High Voltage on 
Interrupt Line 


IRQ 
Pin 


+3.5 






V 


lOH = -50/jA 


+2.4 


V 


lOH = -400fiA 


OTHERS 


+2.4 






V 


lOH = -400j(A 


Input Current on Shift, 
Control and Return Lines 


IlLI 






+ 10 


PA 


VfN = Vcc 


-100 


|UA 


V|M = 0V 


Input Leakage Current 
(Others! 


l|L2 






+ 10 


/JA 


V|N = Vcc'oOV 


Output Float Leakage 


lOFL 






+ 10 


-jA 


VOUT = Vcc <° 0V 


Power Supply Current 


ice 






120 


mA 





PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C|N 


5 




10 


pF 


V|N = Vcc 


Output Capacitance 


COUT 


10 




20 


pF 


VOUT = Vcc 



T a = 0°C to +70° C; Vcc = +5V 


± 10%; V S S 


= 0V 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


min[typ[max 


READ 


Address Stable Before READ 


tAR 









ns 




Address Hold Time for ftEAD 


tRA 









ns 




READ Pulse Width 


tRR 


250 






ns 




Data Delay from READ 


tRD 






150 


ns 


Cl= 150pF 


Address to Data Valid 


tAD 






250 


ns 


C L = 150 pF 


READ to Data Floating 


tDF 


10 




100 


ns 




Read Cycle Time 


tRCY 


1 






MS 




WRITE 


Address Stable Before WRITE 


tAW 









ns 




Address Hold Time for WRITE 


tWA 









ns 




WRITE Pulse Width 


tww 


250 






ns 




Data Set Up Time for WRITE 


tDW 


150 






ns 






tWD 









ns 




Data Hold Time for WRITE 


Write Cycle Time 




1jUS 










OTHER 


Clock Pulse Width 


VW 


120 






ns 




Clock Period 


tCY 


320 






ns 





CAPACITANCE 



AC CHARACTERISTICS 



Keyboard Scan Time: 
Keyboard Debounce Time: 
Key Scan Time: 
Display Scan Time: 



GENERAL TIMING 

5.1ms Digit-on Time: 480 us 

10.3 ms Blanking Time: 160 us 

80 ms Internal Clock Cycle: 10 fis 

10.3 ms 
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TIMING WAVEFORMS 



INPUT FOR AC TESTS 



jiPD8279-5 



Y TEST POINTS Y 
3 /V 8 ^"" ^08/\ 



READ 



Aq. CS 



z>: 



^k ?' 



DATA BUS 
(OUTPUT) , 



HldH IMPEDANCE 



-DATA VALID- 



(SYSTEM'S 
.ADDRESS BUSI 



(READ CONTROL) 



HIGH IMPEDANCE 



Aq.CS 



z>: 



WRITE 

-'WCY 



\ /' 



DATA MAY CHANGE 



X 



(SYSTEM'S 
ADDRESS BUS) 



(WRITE CONTROL) 



E^j ■•-DATA VALID* jf 



DATA MAY CHANGE 



CLOCK INPUT 



r^~~\ t 
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The following is a description of each section of the juPD8279-5. See the block OPE RATIONAL 

diagram for functional reference. DESCRIPTION 

I/O Control and Data Buffers 

Communication to and from the;uPD8279-5 is performed by selecting CS, An., RD and 
WR. The type of information written or read by the processor is selected by An. A 
logic states that information is data while a 1 selects command or status. RD and WR 
select the direction by which the transfer occurs through the Data Buffers. When the 
chip is deselected (CS = 1) the bi-directional Data Buffers are in a high impedance state 
thus enabling the /UPD8279-5 to be tied directly to the processor data bus. 

Timing Registers and Timing Control 

The Timing Registers store the display and keyboard modes and other conditions pro- 
grammed by the processor. The timing control contains the timing counter chain. One 
counter is a divide by N scaler which may be programmed to match the processor 
cycle time. The scaler must take a value between 2 and 31 in binary. A value which 
scales the internal frequency to 100 KHz gives a 5.1 ms scan time and 10.3 ms switch 
debounce. The other counters divide down to make key, row matrix and display scans. 

Scan Counter 

The scan counter can operate in either the encoded or decoded mode. In the encoded 
mode, the counter provides a count which must be decoded to provide the scan lines. 
In the decoded mode, the counter provides a 1 out of 4 decoded scan. In the encoded 
mode the scan lines are active high and in the decoded mode they are active low. 

Return Buffers, Keyboard Debounce and Control 

The eight return lines are buffered and latched by the return buffers. In the keyboard 
mode these lines are scanned sampling for key closures in each row. If the debounce 
circuit senses a closure, about 10 ms are timed out and a check is performed again. If 
the switch is still pressed, the address of the switch matrix plus the status of shift and 
control are written into the FIFO. In the scanned sensor mode, the contents of 
return lines are sent directly to the sensor RAM (FIFO) each key scan. In the strobed 
mode, the transfer takes place on the rising edge of CNTL/STB. 

FIFO/Sensor RAM and Status 

This section is a dual purpose 8x8 RAM. In strobe or keyboard mode it is a 
FIFO. Each entry is pushed into the FIFO and read in order. Status keeps track of the 
number of entries in the FIFO. Too many reads or writes to the FIFO will be treated 
as an error condition. The status logic generates an IRQ whenever the FIFO has an 
entry. In the sensor mode the memory is a sensor RAM which detects changes in the 
status of a sensor. If a change occurs, the IRQ is generated until the change is 
acknowledged. 

Display Address Registers and Display RAM 

The Display Address Register contains the address of the word being read or written 
by the processor, as well as the word being displayed. This address may be pro- 
grammed to auto-increment after each read or write. The display RAM may be read 
by the processor any time after the mode and address is set. Data entry to the display 
RAM may be set to either right or left entry. 
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COMMAND OPERATION 



The commands programmable to the/iPD8279-5'via the data bus with CS active (0) 
and Ao high are as follows: 

Keyboard/Display Mode Set 

|o |o-|o|d|d|k|k|k| 



MSB 

Display Mode: 

DD 



1® 

1 

1 1 



LSB 



8-8-bit character display — Left entry 
16-8 bit character display — Left entry 
8-8 bit character display — Right e/itry 
16-8 bit character display — Right entry 



Note: (T) Power on default condition 

Keyboard Mode: 

KKK 

Encoded Scan - 2 Key Lockout 

1 Decoded Scan - 2 Key Lockout 

1 Encoded Scan — N Key Rollover 

1 1 Decoded Scan — N Key Rollover 

1 Encoded Scan-Sensor Matrix 
* 10 1 Decoded Scan-Sensor Matrix 

1 1 Strobed Input, Encoded Display Scan 
1 1 1 Strobed Input, Decoded Display Scan 

Program Clock 
lolohl pI p! p I P I P I 

Where PPPPP is the prescaler value between 2 and 31 this prescaler divides the external 
clock by PPPPP to develop its internal frequency. After reset, a default value of 31 is 
generated. 

Read FIFO/Sensor RAM 



| 1-1 0| A1|X| Aj A | A | A = 



Ai is the auto-increment flag. AAA is the row to be read by the processor. The read 
command is accomplished with (CS • RD • A0) by the processor. If Ai is 1, the row 
select counter will be incremented after each read. Note that auto-incrementing has 
no effect on the display. 

Read Display RAM 
[~o~| 1 1 1 1 ai 1 a | a | a|"a"1 Ao = 

Where Ai is the auto- increment flag and AAAA is the character which the processor 
is about to read. 

Write Display RAM 

1 1 l | 0l Al| A[ Al a| a! 
where AAAA is the character the processor is about to write. 

Display Write Inhibit Blanking 



1 





1 


X 


IW 
A 


IW 
B 


BL 
A 


BL 
B 



Where IWA and IWB are Inhibit Writing nibble A and B respectively, and BLA, BLB 
are blanking. When using the display as a dual 4-bit, it is necessary to mask one of the 
4-bit halves to eliminate interaction between the two halves. Th|s is accomplished with 
the IW flags. The BL flags allow the programmer to blank either half of the display 
independently. To blank a display formatted as a single 8-bit, it is necessary to set 
both BLA and BLB. Default after a reset is all zeros. All signals are active high (1). 
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Cp Cp Cp 

1 X 

1 1 

1 1 1 

X X 



Clear 



11 Cp Cp Cp Cp c a 



All zeros 

AB = 20i6 

All ones 

Disable clear display 



This command is used to clear the display RAM, the FIFO, or both. The Cp options 
allow the user the ability to clear the display RAM to either all zeros or all ones. 

Cf clears the FIFO. 
Ca clears all. 

Clearing the display takes one complete display scan. During this time the processor 
can't write to the display RAM. 

Cp will set the FIFO empty flag and reset IRQ. The sensor matrix mode RAM pointer 
will then be set to row 0. 

Ca is equivalent to Cf and Cp. The display is cleared using the display clear code 
specified and resets the internal timing logic to synchronize it. 
End Interrupt/Error Mode Set 
I 1 | 1 I 1 J E | X J X | X| X | 

In the sensor matrix mode, this instruction clears IRQ and allows writing into RAM. 

In N key rollover, setting the E bit to 1 allows for operating in the special Error mode. 
See Description of FIFO status. 

FIFO Status 



DU 



S/E 



U 



N 



N N 



Where: Djj = Display Unavailable because a clear display or clear all command is in 
progress. 
S/E = Sensor Error flag due to multiple closure of switch matrix. 
O = FIFO Overrun since an attempt was made to push too many 

characters into the FIFO. 
U = FIFO Underrun. An indication that the processor tried to read an 

empty FIFO. 
F = FIFO Full Flag. 
NNN = The Number of characters presently in the FIFO. 

The FIFO Status is Read with An, high and CS, RD active low. 

The Display not available is an indication that the Cp or Ca command has not 
completed its clearing. The S/E flags are used to show an error in multiple closures has 
occurred. The or U, overrun or underrun, flags occur when too many characters are 
written into the FIFO or the processor tries to read an empty FIFO. F is an indication 
that the FIFO is full and NNN is the number of characters in the FIFO. 

Data Read 

Data can be read during An = and when CS, RD are active low. The source of the 
data is determined by the Read Display or Read FIFO commands. 

Data Write 

Data is written to the chip when An, CS, and WR are active low. Data will be written 
into the display RAM with its address selected by the latest Read or Write Display 
command. 



COMMAND OPERATION 
(CONT.) 
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COMMAND OPERATION 
(CONT.) 



PACKAGE OUTLINE 
juPD8279-5C 



M PD8279-5 



Data Format 



CNTL 



SH 



SCAN 



RET 



In the Scanned Key mode, the characters in the FIFO correspond to the above format 
where CNTL and SH are the most significant bits and the SCAN and return lines are 
the scan and column counters. 



RL 7 


RL 6 


RL5 


RL4 


RL3 


RL 2 


RM 


RLo 



In the Sensor Matrix mode, the data corresponds directly to the row of the sensor 
RAM being scanned. Shift and control (SH, CNTL) are not used in this mode. 



Aq 

1 
1 



1 
1 
1 
1 
1 



MSB 



Control Address Summary 

DATA 

LSB 












D 


D 


K 


K 


K 










1 


P 


P 


P 


P 


P 






1 





A1 


X 


A 


A 


A 







1 


1 


A1 


A 


A 


A 


A 



1 








A1 


A 


A 


A 


A 




1 





1 


X 


IW 
A 


IW 
B 


BL 
A 


BL 
B 






1 


1 





CD 


C D 


CD 


cf 


ca 



1 


1 


1 


E 


X 


* 


x 


X 




DU 


S/E 





U 


F 


N 


N 


N 



Keyboard Display Mode Set 

Load Program Clock 

Read FIFO/Sensor RAM 

Read Display RAM 

Write Display RAM 

Display Write Inhibit/Blanking 

Clear 

End Interrupt/Error Mode Set 

FIFO Status 




(Plastic) 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 i 0.1 


0.10+0.004 


D 


0.5 + 0.1 


0.019 + 0.004 


E 


48.26 


1.9 


F 


1.2 MIN 


0.047 MIN 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.019 MIN 


I 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 


L 


13.2 


0.520 


M 


+ 0.1 
0.05 


+ 0.004 

0.010 nfl „ 

0.002 




8279-5DS-R E V 1-1 -82-CAT 
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|iPB8282 
|iPB8283 



OCTAL LATCH 



DESCRIPTION The juPB8282/8283 are 8-bit latches with tri-state output buffers. The 8282 is non- 
inverting and the 8283 inverts the input data. These devices are ideal for demuxing 
the address/data buses on the 8085A/8086 microprocessors. 
The 8282/8283 are fabricated using NEC's Schottky bipolar process. 



FEATURES • Supports 8080, 8085A, 8048, 8086 Family Systems 

• Transparent During Active Strobe 

• Fully Parallel 8-Bit Data Register and Buffer 

• High Output Drive Capability (32 mA) for Driving the System Data Bus 

• TrhState Outputs 

• 20-Pin Package 



Dl C 






20 


3 v cc 


Dl 1 C 


2 




19 


3 DO 


Dl 2 C 


3 




18 


3 DOt 


Dl 3 C 


4 




17 


3 D0 2 


Dl 4 C 
Dl 5 C 


5 
6 


MPB 
8282 


16 
15 


3 do 3 
3 do 4 


Dl 6 C 


7 




14 


3 °05 


Dl 7 C 


8 




13 


3, °06 


o-eC 


9 




12 


1 D °7 


GND£ 


10 




11 


3 STB 




PIN NAMES 



DI0-DI7 


DATA IN 


DO0DO7 


DATA OUT 


OE 


OUTPUT ENABLE 


STB 


STROBE 




FUNCTIONAL The /iPB8282/8283 are 8-bit latches with tri-state output buffers. Data on the inputs 
DESCRIPTION is latched into the data latches on a high to low transition of the STB line. When STB 
is high, the latches appear transparent. The OE input enables the latched data to be 
transferred _to_ the output pins. When OE is high, the outputs are put in the tri-state 
condition. OE will not cause transients to appear on the data outputs. 
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e 
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i-e 






-i 



,_T 




pa 







ori 
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u 
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BLOCK DIAGRAMS 



Operating Temperature C to 70 C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages . - 1.0V to 5.5V 

T a = 25°C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 



Conditions: Vcc = 5V ± 10%, T a = 0°C to 70° C 






PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


Input Clamp Voltage 


v c 




-1 


V 


IC =- 5 mA 


Power Supply Current 


ice 




160 


mA 




Forward Input Current 


if 




-0.2 


mA 


Vf = 0.45 V 


Reverse Input Current 


|R 




50 


*iA 


Vr- 5.25V 


Output Low VoJtage 


vol 




0.45 


V 


lOL "32 mA 


Output High Voltage 


VOH 


2.4 




V 


IOH"- 5mA 


Output Off Current 


'OFF 




±50 


ma 


VoFF-0- 4 5t°6-25V 


Input Low Voltage 


VlL 




0.8 


V 


V CC -5.OV0 


Input High Voltage 


V|H 


2.0 




V 


V C C-5.OV0 


Input Capacitance 


C|N 




12 


pF 


VBIAS=2.5V, V CC -5V 

T a =25°C, F-1 MHz 



DC CHARACTERISTICS 



Not«:© Output Loading Iql "32 mA, Iqh " -5 mA > C L " 300 pF 
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AC CHARACTERISTICS 



Conditions: V<x = 5V ± 10%, T a = 0°C to 70°C 

Loading: Outputs - Iql = 32 mA, Iqh = -5 mA, Cl = 300 pF 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 


Input to Output Delay 
—Inverting 
—Non-Inverting 


TIVOV 


5 
5 


22 
30 


ns 
ns 


STB to Output Delay 
—Inverting 
—Non-Inverting 


TSHOV 


10 
10 


40 
45 


ns 
ns 


Output Disable Time 


TEHOZ 


5 


22 


ns 


Output Enable Time 


TELOV 


10 


30 


ns 


Input to STB Setup Time 


TIVSL 







ns 


Input to STB Hold Time 


TSLIX 


25 




ns 


STB High Time 


TSHSL 


15 




ns 


Input, Output Rise Time 


T ILIH, T OLOH 




20 


ns 


Input, Output Fall Time 


T IHIL, T OHOL 




12 


nw 



TIMING WAVEFORMS 



51 



v~ 



j\ A 



\ 



x 



\r 



\ 



U_ TELOV -» 



vol- 
vol 



|_+0.1V^r 1? 

L+ojv_. r~ — ~ ""^ 



.6V 
1.4V 



Note: Output may be momentarily invalid following the jjigh going into STB transition. 



1.5V 



OUT< 



33« 



300 pF 



3-STATE TO Vql 



OUT" 



180fi 



TS 300 pF 



3-STATE TO Vqh 



2.14V 



OUT* 



sfc 300 pF 



SWITCHING 



AC TESTING INPUT, 
OUTPUT WAVEFORM 



INPUT OUTPUT 




V IB-. TEST POINTS m- 1 .5 


X 




AC. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC ' 
A LOGIC "0" TIMING. MEASUREMENTS ARE MADE AT 1.5V 
A LOGIC "1" AND'0." 


1" AND 0.45 
FOR BOTH 


/FOR 
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0-15° 



ITEM 


MILLIMETERS 


INCHES 


A 


26.7 MAX. 


1.06 MAX. 


B 


1.Q5 


0.041 


C 


2.54 


0.1 


D 


0.5 J 0.1 


0.02 s 0.004 


E 


22.86 


0.9 


F 


1.4 


0.055 


F' 


1.1 


0.043 


G 


2.54 MIN. 


0.1 MIN. 


H 


0.5 MIN. 


0.02 MIN. 


I 


3.55 


0.14 


J 


5.08 MAX. 


0.2 MAX. 


K 


7.62 


0.3 


L 


6.4 


0.25 


M 


0.25 < 0.10 
-0.05 


0.01 + 0.004 
-0.002 


R 


1.0R 


0.04R 



PACKAGE OUTLINES 
MPB8282C 
M PB8283C 





0°-15°"H 




Cerdip 



ITEM 


MILLIMETERS 


INCHES 


A 


26.7 MAX. 


1.05 MAX. 


B 


0.7 


0.028 


C 


2.54 


0.1 


D 


0.46 i 0.1 


0.018 t 0.004 


E 


22.86 


0.9 


F 


1.4 


0.055 


F' 


0.9 


0.035 


G 


2.54 MIN. 


0.1 MIN. 


H 


0.5 MIN. 


0.02 MIN. 


1 


4.32 MAX. 


0.17 MAX. 


J 


5.08 MAX. 


0.2 MAX. 


K 


7.62 


0.3 


L 


6.8 


0.27 


M 


0.25 + 0.10 
-0.05 


0.01 + 0.004 
-0.002 


R 


0.8R 


0.03R 
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pPB8284 



Microcomputer Division 



CLOCK GENERATOR AND DRIVER FOR 
8086/8088 MICROPROCESSORS 



DESCRIPTION The //PB8284 is a clock generator and driver for the 8086 and 8088 microprocessors 
This bipolar driver provides the microprocessor with a reset signal and also provides 
properly synchronized READY timing. A TTL clock is also provided for peripheral 
devices. 



FEATURES • Generate System Clock for the 8086 and 8088 

• Frequency Source can be a Crystal or a TTL Signal 

• MOS Level Output for the Processor 

• TTL Level Output for Peripheral Devices 

• Power-Up Reset for the Processor 

• READY Synchronization 

• +5V Supply 

• 18 Pin Package 



PIN CONFIGURATION 



PIN NAMES 




Xi,X 2 


Crystal Connections 


TANK 


For Overtone Crystal 


F/c" 


Clock Source Select 


EFI 


External Clock Input 


CSYNC 


Clock Synchronization Input 


RDY1 ) 
RDY2J 


Ready Signal from 
Multibus™* Systems 


AEN1 \ 
AEN2 f 


Address Enable Qualifiers 
for the two RDY Signals 


RES 


Reset Input 


RESET 


Synchronized Reset Output 


OSC 


Oscillator Output 


CLK 


MOS Clock for the Processor 


PCLK 


TTL Clock for Peripherals 


READY 


Synchronized Ready Output 




*TM - Multibus is a trademark of Intel Corporation. 
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PIN IDENTIFICATION 



NO. 


SYMBOL 


NAME 


FUNCTION j 


1 


CSYNC 


Clock Synchronization 


An active high signal which allows 
multiple 8284s to be synchronized. 
When CYSNC is low, the internal 
counters count and when high the 
counters are reset. CYSNC should 
be grounded when the internal 
oscillator is used. 


2 


PCLK 


Peripheral Clock 


A TTL level clock for use with per- 
ipheral devices. This clock is one- 
half the frequency of CLK. 


3.7 


AEN1, AEN2 


Address Enable 


This active low signal is used to 
qualify its respective RDY inputs. 
If there is only one bus to interface 
to, AEN inputs are to be grounded. 


4,6 


RDY1, RDY2 


Bus Ready 


This signal is sent to the 8284 from 
a peripheral device on the bus to 
indicate that data has been received 
or data is available' to be read. 


5 


READY 


Ready 


The READY signal to the micro- 
processor is synchronized by the 
RDY inputs to the processor CLK. 
READY is cleared after the guaran- 
teed hold time to the processor has 
been met. 


8 


CLK 


Processor Clock 


This is the MOS level clock output 
of 33% duty cycle to drive the 
microprocessor and bipolar support 
devices (8288) connected to the 
processor. The frequency of CLK is 
one third of the crystal or EFI 
frequency. 


10 


RESET 


Reset 


This is used to initialize the proces- 
sor. Its input is derived from an RC 
connection to a Schmitt trigger 
input for power up operation. 


11 


RES 


Reset In 


This Schmitt trigger input is used to 
determine the timing of RESET out 
via an RC circuit. 


12 


OSC 


Oscillator Output 


This TTL level clock is the output 
of the oscillator circuit running at 
the crystal frequency. 


13 


F/C 


Frequency Crystal Select 


F/C is a strapping option used to 
determine where CLK is generated. 
A high is for the EFI input, and a 
low is for the crystal. 


14 


EFI 


External Frequency In 


A square wave in at three times the 
CLK output. A TTL level clock to 
generate CLK. 


16, 17 


Xl.X 2 


Crystal In 


A crystal is connected to these 
inputs to generate the processor 
clock. The crystal chosen is three 
times the desired CLK output. 


15 


TNK 


Tank 


This is used for overtone type 
crystals. (See diagram below.) 


18 


VCC 


VCC 


+5V 
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BLOCK DIAGRAM 



rTs"_ 



RDY1- 

APTi- 
AEN2- 
RDY2- 



i> 



XTAL 
OSCIL- 
LATOR 



>" 



O 



>^ 



>- 





ABSOLUTE MAXIMUM Operating Temperature 0°C to 70°C 

RATINGS* Storage Temperature - 65° C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages - 1 .0V to +5.5V 

T a = 25° C 

"COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



DC CHARACTERISTICS 



Conditions: T a = 0°C to 70°C; 


v- cc =5V+ 10% 








PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


TEST 
CONDITIONS 


Forward Input Current 


if 




-0.5 


mA 


Vf = 0.45V 


Reverse Input Current 


"R 




50 


HA 


Vr = 5.25V 


Input Forward Clamp Voltage 


v c 




-1.0 


V 


IC = - 5 mA 


Power Supply Current 


ice 




140 


mA 




Input Low Voltage 


V|L 




0.8 


V 


Vcc = 5.0V 


Input High Voltage 


V|H 


2.0 




V 


V C C = 5.0V 


Reset Input High Voltage 


V|H R 


2.6 




V 


Vcc = 5.0V 


Output Low Voltage 


vol 




0.45 


V 


5 mA =Iql 


Output High Voltage CLK 
Other Outputs 


voh 


4 
2.4 




V 
V 


-1 mA) , 
-ImAf'OH 


RES Input Hysteresis 


V|Hr-V| Lr 


0.25 




V 


V C C = 5.0V 
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The clock generator can provide the system clock from either a crystal or an external 
TTL source. There is an internal divide by three counter which receives its input from 
either the crystal or TTL source (EFI Pin) depending on the state of the F/C input 
strapping. There is also a clear input (C SYNC) which is used for either inhibiting the 
clock, or synchronizing it with an external event (or perhaps another clock generator 
chip). Note that if the TTL input is used, the crystal oscillator section can still be used 
for an independent clock source, using the OSC output. 



FUNCTIONAL DESCRIPTION 



For driving the MOS output level, there is a 33% duty cycle MOS output (CLK) for the 
microprocessor, and a TTL output (PCLK) with a 50% duty cycle for use as a peripheral 
clock signal. This clock is at one half of the processor clock speed. 

Reset timing is provided by a Schmitt Trigger input (RES) and a flip-flop to synchronize 
the reset timi ng to the falling edge of CLK. Power-on reset is provided by a simple RC 
circuit on the RES input. 

There are two READY inputs, each with its own qualifier (AEN1, AEN2). The unused 
AEN signal should be tied low. 

The READY logic in the 8284 synchronizes the RDY1 and RDY2 asynchronous inputs 
to the processor clock to insure proper set up time, and to guarantee proper hold time 
before clearing the ready signal. 



# 



3 TO 10 pF 



VCC 



ZD 



X1 



X2 



nes 



cbp: 



c t 



TANK INSERT 
CIRCUIT DIAGRAM 



-»- CLK 
■*- PCLK 



*- RESET 



USED WITH OVERTONE 
CRYSTALS ONLY 



I I 

The tank input to the oscillator allows the use of overtone mode crystals. 
The tank circuit shunts the crystal's fundamental and high overtone fre- 
quencies and allows the third harmonic to oscillate. The external LC net- 
work is connected to the TANK input and is AC coupled to ground. 
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AC CHARACTERISTICS 



Conditions: T a = 0°C to 70° C; Vqc - 5V ± 1094 
TIMING REQUIREMENTS 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 


TEST 
CONDITIONS 


External Frequency High Time 


TEHEL 


13 




ns 


9094-90% V, N 


External Frequency Low Time 


TELEH 


13 




ns 


1094-10% V, N 


EFI Period 


TELEL 


TEHEL + TELEH + 6 




ns 


© 


XTAL Frequency 




12 


25 


MHz 




RDY1.RDY2 Set-Up to CLK 


TR1VCL 


35 




ns 




RDY1,RDY2HoldtoCLK 


TCLR1X 







ns 




AEN1, AEN2 Set-Up to RDY1, RDY2 


TA1VR1V 


15 




ns 




AEN1, AEN2 Hold to CLK 


TCLA1X 







ns 




CSYNC Set-Up to EFI 


TYHEH 


20 




ns 




CSYNC Hold to EFI 


TEHYL 


20 




ns 




CSYNC Width 


TYHYL 


2 TELEL 




ns 




RES Set-Up to CLK 


TI1HCL 


65 




ns 


© 


RES Hold to CLK 


TCLI1H 


20 




ns 


© 



TIMING RESPONSES 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 


TEST 
CONDITIONS 


CLK Cycle Period 


TCLCL 


125 




ns 




CLK High Time 


TCHCL 


(1/3 TCLCL) +2.0 




ns 


Figure 1 and Figure 2 


CLK Low Time 


TCLCH 


(2/3 TCLCL) -15.0 




ns 


Figure 1 and Figure 2 


CLK Rise and Fall Time 


TCH1CH2 
TCL2CL1 




10 


ns 


1 .0V to 3.5V 


PCLK High Time 


TPHPL 


TCLCL -20 




ns 




PCLK Low Time 


TPLPH 


TCLCL -20 




ns 




Ready Inactive to CLK @ 


TRYLCL 


-8 




ns 


Figure 3 and Figure 4 


Ready Active to CLK (3) 


TRYHCH 


(2/3 TCLCL) -15.0 




ns 


Figure 3 afid Figure 4 


CLK To Reset Delay 


TCLIL 




40 


ns 




CLK to PCLK High Delay 


TCLPH 




22 


ns 




CLK to PCLK Low Delay 


TCLPL 




22 


ns 




OSC to CLK High Delay 


TOLCH 


-5 


12 


ns 




OSC to CLK Low Delay 


TOLCL 


2 


22 


ns 





Notes: Q) 8 = EFI rise (5 ns max) + EFI fall (5 ns max). 

@ Set up and hold only necessary to guarantee recognition at next clock. 
S) Applies only to T3 and TW states. 
@ Applies only to T2 states. 



TIMING WAVEFORMS* 








•ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 
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FIGURE 1 

CLOCK HIGH AND LOW TIME 



AC TEST CIRCUITS 



-, HJLSE 
GENERATOR 






CSVNC 




LOAD 
© 































FIGURE 2 

CLOCK HIGH AND LOW TIME 



jHI" 











F/C 




© 


GENERATOR 






















" 


E= 




QENEflATOH 






















"St 






• 



FIGURE 3 
READY TO CLK 



FIGURE 4 
READY TO CLK 





TEST 


LOAD 




P0 ' NT v ? c 










ALL DIODES 1N3064 






> 


OR EQUIVALENT 






soon ? 




FROM OUTPUT 




1^1 ' N- 


N i 


UNDER TEST 




|sl Ui 


X 




= 


_ ® 


i 



OUTPUT 

NOTES: ©Cl - 100 pF 
©C L -30pF 
®Cl INCLUDES PROBE AND JIG CAPACITANCE 



INPUT OUTPUT 



-) f=) f 



\.C. TESTING INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.46V FOR 
* LOGIC "0" TIMING. MEASUREMENTS ARE MADE AT 1.5V FOR BOTH 
V LOGIC "I" AND '0.' 



AC TESTING INPUT, 
OUTPUT WAVEFORM 
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PACKAGE OUTLINES 
MPB8284C 






— K ■- 


/ 


( \ 


4 


\ 

0- 15°"— 




Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


23.2 MAX 


0.91 MAX 


B 


1.44 


0.055 


C 


2.54 


0.1 


D 


0.45 


0.02 
0.8 


E 


20.32 


F 


1.2 


0.06 


G 


2.5 MIN. 


0.1 MIN 


H 


0.5 MIN. 


0.02 MIN 


1 


4.6 MAX. 


0.18 MAX 


J 


5.1 MAX. 


0.2 MAX 


K 


7.62 


0.3 


L 


6.7 


0.26 


M 


0.25 


0.01 



MPB8284D 




** 


K — 


1 1 


r i; \ 





-15°* 



Cerdip 



ITEM 


MILLIMETERS 


INCHES 


A 


23.2 MAX. 


0.91 MAX 


B 


1.44 


0.055 


C 


2.54 


0.1 


D 


0.45 


0.02 


E 


20.32 


0.8 


F 


1.2 


0.06 


G 


2.5 MIN. 


0.1 MIN 


H 


0.5 MIN. 


0.02 MIN 


I 


4.6 MAX. 


0.18 MAX 


J 


5.1 MAX 


0.2 MAX 


K 


7.62 


0.3 


L 


6.7 


0.26 


M 


0.25 


0.01 



m 
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Microcomputer Division 



CLOCK GENERATOR AND DRIVER FOR 
8086/8088 MICROPROCESSORS 



DESCR IPTION The juPB8284A is a clock generator and driver for the 8066 and 8088 microprocessors. 
This bipolar driver provides the microprocessor with a reset signal and also provides 
properly synchronized READY timing. A TTL clock is also provided for peripheral 
devices. 



FEATURES • Generate System Clock for the 8086 and 8088 

• Frequency Source can be a Crystal or a TTL Signal 

• MOS Level Output for the Processor 

• TTL Level Output for Peripheral Devices 

• Power-Up Reset for the Processor 

• READY Synchronization 

• +5V Supply 

• 18 Pin Package 



PIN CONFIGURATION 



PIN NAMES 



CYSNCC 1 
PCLK C 2 
AENlC 3 

RDY1 C 

READYJC 
RDY2C 

AEN2C 

clkC 
gndQ 



18 
17 
16 
15 

MPB 14 
8284A 

13 

12 

11 

10 



IJvcc 
3*1 

DX2 



3 ASYNC 
] EFI 

DF/C 

]osc 
3res 

D RESET 



X1,X 2 


Crystal Connections 


TANK 


For Overtone Crystal 


F/C 


Clock Source Select 


EFI 


External Clock Input 


CSYNC 


Clock Synchronization Input 


RDY1 ) 
RDY2J 


Ready Signal from 
Multibus™* Systems 


AEN1 ) 
AEN2/ 


Address Enable Qualifiers 
for the two RDY Signals 


RES 


Reset Input 


RESET 


Synchronized Reset Output 


OSC 


Oscillator Output 


CLK 


MOS Clock for the Processor 


PCLK 


TTL Clock for Peripherals 


READY 


Synchronized Ready Output 




*TM - Multibus is a trademark of Intel Corporation. 
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PIN IDENTIFICATION 



PIN IDENTIFICATION 



NO. 


SYMBOL 


NAME 


FUNCTION | 


1 


CSYNC 


Clock Synchronization 


An active high signal which allows 
multiple 8284s to be synchronized. 
When CYSNC is low, the internal 
counters count and when high the 
counters are reset. CYSNC should 
be grounded when the internal 
oscillator is used. 


2 


PCLK 


Peripheral Clock 


A TTL level clock for use with per- 
ipheral devices. This clock is one- 
half the frequency of CLK. 


3,7 


AEN1, AEN2 


Address Enable 


This active low signal is used to 
qualify its respective RDY inputs. 
If there is only one bus to interface 
to, AEN inputs are to be grounded. 


4,6 


RDY1, RDY2 


Bus Ready 


This signal is sent to the 8284 from 
a peripheral device on the bus to 
indicate that data has been received 
or data is available to be read. 


5 


READY 


Ready 


The READY signal to the micro- 
processor is synchronized by the 
RDY inputs to the processor CLK. 
READY is cleared after the guaran- 
teed hold time to the processor has 
been met. 


8 


CLK 


Processor Clock 


This is the MOS level clock output 
of 33% duty cycle to drive the 
microprocessor and bipolar support 
devices (8288) connected to the 
processor. The frequency of CLK is 
one third of the crystal or EFI 
frequency. 


10 


RESET 


Reset 


This is used to initialize the proces- 
sor. Its input is derived from an RC 
connection to a Schmitt trigger 
input for power up operation. 


11 


RES 


Reset In 


This Schmitt trigger input is used to 
determine the timing of RESET out 
via an RC circuit. 


12 


OSC 


Oscillator Output 


This TTL level clock is the output 
of the oscillator circuit running at 
the crystal frequency. 


13 


F/C 


Frequency Crystal Select 


F/C is a strapping option used to 
determine where CLK is generated. 
A high is for the EFI input, and a 
low is for the crystal. 


14 


EFI 


External Frequency In 


A square wave in at three times the 
CLK output. A TTL level clock to 
generate CLK. 


16, 17 


X1,X 2 


Crystal In 


A crystal is connected to these 
inputs to generate the processor 
clock. The crystal chosen is three 
times the desired CLK output. 


15 




Asynchronous Input 


Ready Synchronization Select. 
ASYNC is an input which defines 
the synchronization mode of the 
READY logic. When ASYNC is low, 
2 stages of READY synchronization 
are provided. When ASYNC is left 
open or HIGH, a single stage of 
READY synchronization is provided. 


ASYNC 


18 


VCC 


VCC 


+5V 
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BLOCK DIAGRAM rar_ 



i> 



XTAL 
OSCIL- 
LATOR 



>- 



>- 




SYNC! — | 



CSYNC- 

RDY1- 
ATTC1- 
AEN2- 
RDY2- 



■> 



^ 




u °7£> 



■osc 

-»-CLK 



ISYNCl 



ASYNC- 



ABSOLUTE MAXIMUM Operating Temperature 0°C to 70°C 

RATINGS* Storage Temperature -65°Cto +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages - 1.0V to +5.5V 



■a - 



25°C 



•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above- those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



DC CHARACTERISTICS Conditions: T a - 0°C to 70°C; V C C = 5V ± 10% 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


TEST 
CONDITIONS 


Forward Input Current 


if 




-0.5 


mA 


VF = 0.45V 


Reverse Input Current 


IR 




50 


/LiA 


Vr = 5.25V 


Input Forward Clamp Voltage 


V C 




-1.0 


V 


Iq = ~5 mA 


Power Supply Current 


'CC 




140 


mA 




Input Low Voltage 


V|L 




0.8 


V 


VCC = 5.0V 


Input High Voltage 


V|H 


2.0 




V 


VCC = 5.0V 


Reset Input High Voltage 


V IHR 


2.6 




V 


VCC = 5.0V 


Output Low Voltage 


vol 




0.45 


V 


5 mA =Iql 


Output High Voltage CLK 
Other Outputs 


VOH 


4 
2.4 




V 
V 


-1 mA) , 
-ImAf ' 0H 


RES Input Hysteresis 


V|H R -V|Lr 


0.25 




V 


VCC = 5.0V 
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The clock generator can provide the system clock from either a crystal or an external 
TTL source. There is an internal divide by three counter which receives its input from 
either the crystal or TTL source (EFI Pin) depending on the state of the F/C input 
strapping. There is also a clear input (C SYNC) which is used for either inhibiting the 
clock, or synchronizing it with an external event (or perhaps another clock generator 
chip). Note that if the TTL input is used, the crystal oscillator section can still be used 
for an independent clock source, using the OSC output. 



FUNCTIONAL DESCRIPTION 



For driving the MOS output level, there is a 33% duty cycle MOS output (CLK) for the 
microprocessor, and a TTL output (PCLK) with a 50% duty cycle for use as a peripheral 
clock signal. This clock is at one half of the processor clock speed. 

Reset timing is provided by a Schmitt Trigger input (RES) and a flip-flop to synchronize 
the reset timi ng to the falling edge of CLK. Power-on reset is provided by a simple RC 
circuit on the RES input. 

Ther e are two READY inputs, each with its own qualifier (AEN1, AEN2). The unused 
AEN signal should be tied low. 

The READY logic in the 8284A synchronizes the RDY1 and RDY2 asynchronous inputs 
to the processor clock to insure proper set up time, and to guarantee proper hold time 
before clearing the ready signal. 



Conditions: T a - 0°C to 70" C; V cc - 5V ± 1C 
TIMING REQUIREMENTS 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 


TEST 
CONDITIONS 


External Frequency High Time 


TEHEL 


13 




ns 


90%-90%V| N 


External Frequency Low Time 


TELEH 


13 




ns 


10%-10% V| N 


EFI Period 


TELEL 


TEHEL + TELEH +5 




ns 


CO 


XTAL Frequency 




12 


25 


MHz 




RDY1 , RDY2 Set-Up to CLK 


TR1VCL 


35 




ns 




RDY1, RDY2 Hold to CLK 


TCLR1X 







ns 




AEN1, AEN2 Set-Up to RDY1.RDY2 


TA1VR1V 


15 




ns 




AEN1, AEN2 Hold to CLK 


TCLA1X 







ns 




CSYNC Set-Up to EFI . 


TYHEH 


20 




ns 




CSYNC Hold to EFI 


TEHYL 


20 




ns 




CSYNC Width 


TYHYL 


2 TELEL 




ns 




RES Set-Up to CLK 


TI1HCL 


65 




ns 


cd 


RES Hold to CLK 


TCLI1H 


20 




ns 


cf 


RDY1, RDY2 Active Set-Up to CLK 


«R1VCH 


35 




ns 


ASYNC 1 = LOW 


RDY1, RDY2 Inactive Set-Up to CLK 


tRIVCL 


35 




ns 




ASYNC Set-Up to CLK 


tAYVCL 


50 




ns 




ASYNC Hold to CLK 


«CLAYX 







ns 




Input Rise Time 


l ILIH 




20 


ns 


From 0.8V to 2.0V 


Input Fall Time 


t|LIL 




12 


ns 


From 2.0V to 0.8V 



718 



AC CHARACTERISTICS 
(CONT.) 



pPB8284A 



TIMING RESPONSES 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 


TEST 
CONDITIONS 


CLK Cycle Period 


TCLCL 


125 




ns 




CLK High Time 


TCHCL 


(1/3 TCLCL) +2.0 




ns 


Figure 3 and Figure4 


CLK Low Time 


TCLCH 


(2/3 TCLCL) -15.0 




ns 


Figure 3 and Figure 4 


CLK Rise and Fall Time 


TCH1CH2 
TCL2CL1 




10 


ns 


1.0V to 3.5V 


PCLK High Time 


TPHPL 


TCLCL -20 




ns 




PCLK Low Time 


TPLPH 


TCLCL -20 




ns 




Ready Inactive to CLK (?) 


TRYLCL 


-8 




ns 


Figure 5 and Figure 6 


Ready Active to CLK (5) 


TRYHCH 


(2/3 TCLCL) -15.0 




ns 


Figure 5 and Figure 6 


CLK To Reset Delay 


TCLIL 




40 


ns 




CLK to PCLK High Delay 


TCLPH 




: 22 


ns 




CLK to PCLK Low Delay 


TCLPL 




22 


ns 




OSCto CLK High Delay 


TOLCH 


-5 


12 


ns 




OSC to CLK Low Delay 


TOLCL 


2 


22 


ns 




Output Rise Time (except CLKI 


'OLOH 




20 


ns 


From 0.8V to 2.0V 


Output Fall Time (except CLK) 


,<OHOL 




12 


ns 


From 2.0V to 0.8V 



Notes: Q 6 = EFI rise (5 ns max) + EFI fall (5 ns max). 

C|) Set up and hold only necessary to guarantee recognition at next clock, 
up Applies only to T3 and TW states. 
© Applies only to T2 states. 



TIMING WAVEFORM* 



:_n_TL r v 




•ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 




719 



jiPB8284A 







F/C" 


CLK 




LOA6 






24 M 










X2 








r 











EFI CLK 



AC TEST CIRCUITS 



FIGURE 1 

CLOCK HIGH AND LOW TIME 



FIGURE2 

CLOCK HIGH AND LOW TIME 



Lj 











F/C 




® 


GENERATOR 






















V 


E= 




GENERATOR 








KM 












LOAD 











FIGURE 3 
READY TO CLK 



FIGURE 4 
READY TO CLK 



FROM OUTPUT_ 
UNDER TEST " 



TEST 
POINT 



ALL DIODES 1N3064 
OR EQUIVALENT 



-KH-W— W- 



± C L 



OUTPUT 

NOTES: ©Ct - 100 pF 
©C L -30pF 
(DC L INCLUDES PROBE AND JIG CAPACITANCE 



INPUT OUTPUT 


^„„„™„_„^ 


A.C. TESTINC 
A LOGIC "0" 
A LOGIC "1" 


: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45 
TIMING. MEASUREMENTS ARE MADE AT 1.5V FOR BOTH 
AND "0." 


V FOR 



AC TESTING INPUT, 
OUTPUT WAVEFORM 
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PACKAGE OUTLINES 
MPB8284AC 






— K »- 


/ 


( \ 


ih 


\ 
-M 

0-15°-"- 




Plastic 



ITEM 


MILLIMETERS 


INCHES 


A 


23.2 MAX. 


0.91 MAX 


B 


1.44 


0.055 


C 


2.54 


0.1 


D 


0.45 


0.02 


E 


20.32 


0.8 


F 


1.2 


0.06 


G 


2.5 MIN 


0.1 MIN 


H 


0.5 MIN 


0.02 MIN 


I 


4.6 MAX 


0.18 MAX 


J 


5.1 MAX 


0.2 MAX 


K 


7.62 


0.3 


L 


6.7 


0.26 


M 


0.25 


0.01 



juPB8284AD 1 












K •- 












1 1 






X- 


www 

E— 


F 


ft 




ii j 


T 




- > 


■-M 

0-15°-*- 



Cerdip 



ITEM 


MILLIMETERS 


INCHES 


A 


23.2 MAX 


0.91 MAX 


B 


1.44 _, 


0.055 


C 


2.54 


0.1 





0.45 


0.02 


E 


20.32 


0.8 


F 


1.2 


0.06 


G 


2.5 MIN 


0.1 MIN 


H 


0.5 MIN 


0.02 MIN 


I 


4.6 MAX 


0.18 MAX. 


J 


5.1 MAX 


0.2 MAX 


K 


7.62 


0.3 


L 


6.7 


0.26 


M 


0.25 


0.01 




8284ADS-REV1-12-81-CAT 
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fiPB8287 



8-BIT BUS TRANSCEIVER 



DESCRIPTION The 8286 and 8287 are octal bus transceivers used for buffering microprocessor 
bus lines. Being bi-directional, they are ideal for buffering the data bus lines on 
8- or 16-bit microprocessors. Each B output is capable of driving 32 mA low or 
5 mA high. 

FEATURES • Data Bus Buffer Driver for/zCOM-8 (8080, 8085A, 780) and /xCOM-16 (8086) 
families 

• Low Input Load Current — 0.2 mA max 

• High Output Drive Capability for Driving System Data Bus 

• Tri-State Outputs 

• 20 Pin Package with Fully Parallel 8-Bit Transceivers 



PIN CONFIGURATIONS 





PIN NAMES 



A0-A7 


Local Bus Data 


B0-B7 


System Bus Data 


OE 


Output Enable 


T 


Transmit 



B 



Rev/1 
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8286 




8287 



trH EFJ" 



"M-E3 E3— T 



-Q 




BLOCK DIAGRAMS 



Be 


T 


RESULT 








B-+A 





1 


A-+B 


1 
1 




1 


^ A and B 

f HIGH 

' IMPEDANCE 



Operating Temperature 0°C to 70°C ABSOLUTE MAXIMUM 

Storage Temperature -65°C to+150°C RATINGS* 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0Vto+5.5V 

T a = 25° C 

'COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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DC CHARACTERISTICS 



T a = 0°C to70°C, V C c 


= 5V± 10% 












PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


Input Clamp Voltage 


v c 




-1 


V 


'C = ~5 mA 


Power Supply Current 


-8287 


ice 




130 


mA 
mA 




-8286 


ice 




160 


Forward Input Current 


if 




-0.2 


mA 


V F = 0.45V 


Reverse Input Current 


|R 




50 


MA 


V R = 5.25V 


Output Low Voltage 


- B Outputs 

— A Outputs 


vol 




0.45 
0.45 


V 
V 


'OL = 32 mA 
IOL = 1 6 mA 


Output High Voltage 


- B Outputs 

— A Outputs 


Voh 


2.4 
2.4 




V 
V 


Iqh =-5 mA 
l OH =-1 mA 


Output Off Current 
Output Off Current 


lOFF 

•off 




IF 
|R 




VqFF = 0.45V 
VOFF = 5.25V 


Input Low Voltage 


- A Side 


VlL 




0.8 


V 
V 


V CC = 5.0V © 
V C C = 5.0V 


- B Side 


V|L 




0.9 


Input High Voltage 


V|H 


2.0 




V 


V C C = 5.0V © 
F = 1 MHz 


Input Capacitance 


- A Side 


C|N 




16 


PF 


V B IAS = 2.5V, V CC = 5V 
T a = 25°C F = 1 MHz 



Note: © B Outputs - IrjL = 32 mA, 'OH = " 5 m A, C L = 300 P F 
A Outputs - IqL = 1 6 mA, Iqh = -1 mA, C|_ = 100 pF 



AC CHARACTER ISTICS T a = 0°C to 70° C, V C c = 5V ± 10% 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


TIVOV 


Input to Output Delay 
Inverting 
Non-Inverting 


5 
5 


22 
30 


ns 
ns 


TEHTV 


Transmit/Receive Hold Time 


TEHOZ 




ns 


TTVEL 


Transmit/Receive Setup 


10 




ns 


TEHOZ 


Output Disable Time 


5 


22 


ns 


TELOV 


Output Enable Time 


10 


30 


ns 


TILIH, 
TOLOH 


Input Output Rise Time 




20 


ns 


TIHIL, 
TOHOL 


Input Output Fall Time 




12 


ns 



AC TESTING INPUT, 
OUTPUT WAVEFORM 



Notes: See waveforms and test load circuit. 

B Outputs - lOL = 32 mA, Ioh = -5 mA, C|_ = 300 pF 
A Outputs - IQL = 16 mA » 'OH = -1 mA / C L = 100 pF 



INPUT/OUTPUT 



TEST POINTS - 



0.45- 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0" TIMING. MEASUREMENTS ARE MADE AT 1.5V FOR BOTH 
A LOGIC "1" AND-0." 
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INPUT! V 



WAVEFORMS 



/ 



X 



3-STATE tO VOL 

B OUTPUT 

1.SV 



MO pt 

MTATE TO VOH 

B OUTPUT 



\ 



S;ioopF 

3-STATE TO Vol 

A OUTPUT 

1.5V 



SRIOOpF 
J-STATE TO Voh 

A OUTPUT 



TEtOV— — 



-TEHTV 

~1 



<1 



TEST LOAD CIRCUITS 



B OUTPUT 



A OUTPUT 



MOS microprocessors like the 8080/8085A/8086 are generally capable of driving a 
single TTL load. This also applies to MOS memory devices. While sufficient for min- 
imum type small systems on a single PC board, it is usually necessary to buffer the 
microprocessor and memory signals when a system is expanded or signals go to other 
PC boards. 
These octal bus transceivers are designed to do the necessary buffering. 

Bi-Directional Driver 

Each buffered line of the octal driver consists of two separate tri-state buffers. The B 
side of the driver is designed to drive 32 mA and interface the system side of the 
bus to I/O, memory, etc. The A side is connected to the microprocessor. 

Control Gating, OE, T 

The OE (output enable) input is an active low signal used to enable the drivers selected 
by T on to the respective bus. 

T is an input control signal used to select the direction of data through the trans- 
ceivers. When T is high, data is transferred from the A0-A7 inputs to the B0-B7 out- 
puts, and when low, data is transferred from B0-B7 to the A0-A7 outputs. 



FUNCTIONAL 
DESCRIPTION 
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PACKAGE OUTLINES 
//PB8286C 
MPB8287C- 




MPB8286D 
MPB8287D 





0-15" 



ITEM 


MILLIMETERS 


INCHES 


A 


26.7 MAX. 


1.05 MAX. 


B 


1.0B 


0.041 


C 


2.54 


0.1 


D 


0.5 • 0.1 


0.02 • 0.004 


e 


22.86 


0.9 


F 


1.4 


0.055 


F' 


1.1 


0.043 


G 


2.54 MIN. 


0.1 MIN. 


H 


0.5 MIN. 


0.02 MIN. 


I 


3.55 


0.14 


J 


5.08 MAX. 


0.2 MAX. 


K 


7.62 


0.3 


L 


6.4 


0.25 


M 


0.25 -i 0.10 
-0.05 


0.01 * 0.004 
-0.002 


R 


1.0R 


0.04R 




0°-15°-^ 




Cerdip 



ITEM 


MILLIMETERS 


INCHES 


A 


26.7 MAX. 


1.05 MAX. 


B 


0.7 


0.028 


C 


2.54 


0.1 


D 


0.46 i 0.1 


0.018 t 0.004 


E 


22.86 


0.9 


F 


1.4 


0.055 


F' 


0.9 


0.035 


G 


2.54 MIN. 


0.1 MIN. 


H 


0.5 MIN. 


0.02 MIN. 


I 


4.32 MAX. 


0.17 MAX. 


J 


5.08 MAX. 


0.2 MAX. 


K 


7.62 


0.3 


L 


6.8 


0.27 


M 


0.25 + 0.10 
-0.05 


0.01 + 0.004 
-0.002 


R 


0.8R 


0.03R 



B 



8286/8287-DS-R E V 1 -1 2-81 -CAT 
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MPB8288 

IlliU 



/1PD8O86/8O88 CPU SYSTEM BUS CONTROLLER 



DESCRIPTION The MPB8288 bus controller is for use in medium to large MPD8086/8088 systems. This 
20-pin bipolar component provides command and control timing generation, plus 
bipolar drive capability and optimal system performance. It provides both 
Multibus™ command signals and control outputs for the microprocessor system. 
There is an option to use the controller with a multi-master system bus and separate 
I/O bus. 



FEATURES • System Controller for m PD8086/8088 Systems 

• Bipolar Drive Capability 

• Provides Advanced Commands 

• Tri-State Output Drivers 

• Can be used with an I/O Bus 

• Enables Interface to One or Two Multi-Master Buses 

• 20-Pin Package 



PIN NAMES 



PIN CONFIGURATION 



IOB 


c 






20 


D v cc 


CLK 


c 


2 




19 


3 so 


si" 


c 
c 


3 

4 




18 
17 


3 S2 


DT/R 


3 MCE/PDEN 


ALE 


c 


5 


jLlPB 


16 


3 DEN 


AEN 
MR DC 


c 
c 


6 

7 


8288 


15 
14 


3 CEN 
3 INTA 


AMWC 


c 


8 




13 


^ IORC 


MWTC 


c 


9 




12 


3 AIOWC 


GND 


c 


10 




11 


3 iowc 



S0-S2 


Status Input Pins 


CLK 


Clock 


ALE 


Address Latch Enable 


DEN 


Data Enable 


DT/R 


Data Transmit/Receive 


aTn" 


Address Enable 


CEN 


Command Enable 


IOB 


I/O Bus Mode 


AIOWC 


Advanced I/O Write 


IOWC 


I/O Write Command 


R5Rc 


I/O Read Command 


AMWC 


Advanced Memory Write 


MWfc 


Memory Write Command 


MRDC 


Memory Read Command 


InTa" 


Interrupt Acknowledge 


mce/PBTn 


Master Cascade/Peripheral 
Data Enable 




TM _ Multibus is a trademark of Intel Corp. 
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PIN 


FUNCTION 


NO. 


SYMBOL 


NAME 


1 


IOB 


I/O Bus Mode 


Sets mode of /liPB8288, high for the I/O 
bus mode and low for the system 
bus mode. 


2 


CLK 


Clock 


The clock signal from the ^PB8284 
clock generator synchronizes the 
generation of command and control 
signals. 


3, 19, 18 


^>.3i,32 


Status Input Pins 


The jl(PB8288 decodes these status 
lines from the n -PB8086 to generate 
command and control signals.When 
not in use,these pins are high. 


4 


DT/R 


Data Transmit/Receive 


This signal is used to control the 
bus transceivers in a system. A high 
for writing to I/O or memory and 
a low for reading data. 


5 


ALE 


Address Latch Enable 


This signal is used for controlling 
transparent D type latches 0iPB8282/ 
8283). It wilfstrobe in the address 
on a high to low transition. 


6 


AETJ 


Address Enable 


In the I/O system bus mode> AEN 
enables the command outputs of 
the /JPB8288 105 ns after it becomes 
active. If AEN is inactive, the 
command outputs are tri-stated. 


7 


MRDC 


Memory Read 
Command 


This active low signal is for switch- 
ing the data from memory to the 
data bus. 


8 


AMWC 


Advanced Memory 
Write Command 


This is an advanced write command 
which occurs early in the machine 
cycle, with timing the same as the 
read command. 


9 


MWTC 


Memory Write 
Command 


This is the memory write command 
to transfer data bus to memory, but 
not as early as AMWC. (See timing 
waveforms.) 


11 


I owe 


I/O Write Command 


This command is for transferring 
information to I/O devices. 


12 


AIOWC 


Advanced I/O Write 
Command 


This write command occurs earlier 
in the machine cycle than IOWC. 


13 


IORC 


I/O Read Command 


This signal enables the CPU to 
read data from an I/O device. 


14 


Tnta 


Interrupt Acknowledge 


This is to signal an interupt- 
ing device to put the vector 
information on the data bus 


15 


CEN 


Command Enable 


This signal enables all command 
and control outputs. If CEN is low, 
these outputs are inactive. 


16 


DEN 


Data Enable 


This signal enables the data trans- 
ceivers onto the bus. 


17 


MCE/ 


Master Cascade Enable 
Peripheral Data Enable 


Dual function pin system. 
MC/E — In the bus mode, this 
signal is active during an inter- 
rupt sequence to read the cascade 
address from the master interrupt 
controller onto the data bus. 
PDEN - In the I/O bus mode, 
it enables the transceivers for the 
I/O bus just as DEN enables bus 
transceivers in the system bus 
mode. 


PDEN 



PIN IDENTIFICATION 
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BLOCK DIAGRAM 



8086 / — 
STATUS) _f1_ 

/ S2 



( CLK 
CONTROL ) AEN 





















STATUS 
DECODER 




COM- 
MAND 
SIGNAL 
GENERA- 
TOR 




















" 








u 




































































CONTROL 
LOGIC 




CONTROL 
SIGNAL 
GENERA- 
TOR 

























































mTOc \ 

MWTC I 

AMWC I MULTIBUSTM 

Torc > COMMAND 

TS^ / SIGNALS 



*- INTA / 



DT/R I ADDRESS LATCH. DATA 

DEN I TRANSCEIVER, AND 

»- MCE/PDEN / INTERRUPT CONTROL 
ALE 



SIGNALS 



+5V GND 

CONNECTING THE BUS CONTROLLER TO THE CPU 




TO STB OF MPB8282/8283 LATCH 

TO T OF MPB8286/8287 TRANSCEIVER 

TO OE OF M PB8286/8287 TRANSCEIVER 



ABSOLUTE MAXIMUM 
RATINGS* 



OPERATING TEMPERATURE . . . 0°C to 70°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages® -0.5V to +7V 

All Input Voltages®. - 1.0V to +5.5V 

Note:(7)with Respect to Ground. 

T a = 25°C 

•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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The three status lines (SO, S1, S2) from the mPD8086 CPU are decoded by the command FUNCTIONAL 
logic to determine which command is to be issued. The following chart shows the DESCRIPTION 

decoding: 



^ 


^ 


^ 


juPD8086 State 


/iPB8288 Command 











Interrupt Acknowledge INTA 








1 


Read I/O Port 


IORC 





1 





Write I/O Port 


Towc, A I owe 





1 


1 


Halt 


None 


1 





1 




1 




Code Access 
Read Memory 
Write Memory 


MRC-C 


1 


Mrdc 


1 


MWTC, AMWC 


1 


1 


1 


Passive 


None 



There are two ways the command is issued depending on the mode of the /IPB8288. 

The I/O bus mode is enabled if the IOB pin is pulled hig h. In this mode, all I/O com- 
mand lines are always enabled and not dependent upon AEN. When the proc essor 
sends out an I/O command, the juPB8288 activates the command lines using PDEN 
and DT/R to control any bus transceivers. 

This mode is advantageous if I/O or peripherals dedicated to one microprocessor 
are in a multiprocessor system, allowing the ;uPB8288 to control two external buses. 
No waiting is required when the CPU needs access to the I/O bus, as an AEN low 
signal is needed to gain normal memory access. 

If the IOB pin is tied to ground, the juPB8 288 i s in the system bus mode. In this mode, 
commanu signals are dependent upon the AEN line. Thus the command lines are 
activated 105 ns after the AEN line goes low. In this mode, there must be some 
bus arbitration logic to toggle the AEN line when the bus is free for use. Here, 
both memory and I/O are shared by more than one processor, over one bus, with 
both memory and I/O commands waiting for bus arbitration. 

Among the command outputs are some advanced write commands which are initiated 
early in the machine cycle and can be used to prevent the CPU from entering 
unnecessary wait states. 



The INTA signal acts as an I/O read during an interrupt cycle. This is to signal the 
interrupting device that its interrupt is being acknowledged, and to place the interrupt 
vector on the data bus. 



The control outputs of the ^PB8288 are used to control the bus transceivers in a system 
DT/R determines the direction of the data transfer, and DEN is used to enable the 
outputs of the transceiver. In the IOB mode the MCE/PDEN pin acts as a dedicated 
data enable signal for the I/O bus. 

The MCE signal is used in conjunction with an interrupt acknowledge cycle to control 
the cascade address when more than one interrupt controller (such as a /iPD8259A) is 
used. I f there is only one interrupt controller in a system, MCE is not used as the 
INTA signal gates the interrupt vector onto the processor bus. In multiple interrupt 
controller systems, MCE is used to gate the /nPD8259A's cascade address onto the 
processors local bus, where ALE strobes it into the address latches. This occurs during 
the first INTA cycle. During the second INTA cycle the addressed slave ^PD8259A gates 
its interrupt vector onto the processor bus. 

The ALE signal occurs during each machine cycle and is used to strobe data into 
the address latches and to strobe the status (§75, ST, §5) into the /iPB8288. ALE also 
occurs during a halt state to accomplish this. 

The CEN (Command Enable) is used to control the command lines. If pulled high the 
jLtPB8288 functions normally and if grounded all command lines are inactive. 
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DC CHARACTERISTICS vcc = 5v± io%,T a = o°cto7o°c 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


TEST CONDITIONS 


Input Clamp Voltage 


v c 




-1 


V 


lc = -5 mA 


Power Supply Current 


ice 




230 


mA 




Forward Input Current 


if 




-0.7 


mA 


V F = 0.45V 


Reverse Input Current 


|R 




50 


AlA 


Vr = V CC 


Output Low Voltage — Command Outputs 
Control Outputs 


vol 




0.5 
0.5 


V 
V 


Iql = 32 mA 
'OL = 16mA 


Output High Voltage - Command Outputs 
Control Outputs 


voh 


2.4 
2.4 




V 
V 


'OH =-5mA 
lOH = -1 m A 


Input Low Voltage 


V|L 




0.8 


V 




Input High Voltage 


V|H 


2.0 




V 




Output Off Current 


IQFF 




100 


MA 


V O FF = 0- 4 «o 5.25V 



AC CHARACTERISTICS v cc = 5v± io%.T a = cfcto7o°c 

TIMING REQUIREMENTS 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


LOADING 


CLK Cycle Period 


TCLCL 


100 




ns 




CLK Low Time 


TCLCH 


50 




ns 


CLK High Time 


TCHCL 


30 




ns 


Status Active Setup Time 


TSVCH 


35 




ns 


Status Active Hold Time 


TCHSV 


10 




ns 


Status Inactive Setup Time 


TSHCL 


35 




ns 


Status Inactive Hold Time 


TCLSH 


10 




ns 


Input Rise Time 


T ILIH 




20 


ns 


Input Fall Time 


TlHIL 




12 


ns 



TIMING RESPONSES 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


LOADING 


Control Active Delay 


TCVNV 


5 


45 


ns 


MRDC \ 

Torc J 

MWTC I loL~ 32m A 
IOWC > lOH " " 5 mA 
INTA 1 C L = 300pF 
AMWC 1 
Al6WC / 

( l L=16mA 
Other / Ioh " -1 mA 

/ C L = 80pF 


Control Inactive Delay 


TCVNX 


10 


45 


ns 


ALE MCE Active Delay (from CLK) 


TCLLH, TCLMCH 




20 


ns 


ALE MCE Active Delay (from Status) 


TSVLH, TSVMCH 




20 


ns 


ALE Inactive Delay 


TCHLL 


4 


15 


ns 


Command Active Delay 


TCLML 


10 


35 


ns 


Command Inactive Delay 


TCLMH 


10 


35 


ns 


Direction Control Active Delay 


TCHDTL 




50 


ns 


Direction Control Inactive Delay 


TCHDTH 




30 


ns 


Command Enable Time 


TAELCH 




40 


ns 


Command Disable Time 


TAEHCZ 




40 


ns 


Enable Delay Time 


TAELCV 


105 


275 


ns 


AEN to DEN 


TAEVNV 




25 


ns 


CENtoDEN, PDEN 


TCEVNV 




20 


ns 


CEN to Command 


TCELRH 




TCLML 


ns 


Output Rise Time 


To LOH 




20 


ns 


Output Fall Time 


ToHOL 




12 


ns 
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55-^1. So 



ADDRESS/DATA 



AMWC, AI6WC 




TIMING WAVEFORMS 



PEER (WRITEI 



DT/R(READ) 



NOTES: 

(7) ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES. 
(f) LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING 
EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST. 

@ ALL TIMING MEASUREMENTS ARE MADE AT 1 .SV UNLESS SPECIFIED 
OTHERWISE. 



X 



X 



Toe 

I*— TCEVNV*" 

zzx 



DEN, PDEN QUALIFICATION 
TIMING 
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MPB8288 ADDRESS ENABLE 

(AEN) TIMING 

(3-STATE ENABLE/DISABLE) 




TEST LOAD CIRCUITS 



OUT' 



1.5V 



180ft 



T 300 pF 



3-STATE TO HIGH 



OUT 4 



1.5V 



33ft 



T300pF 



3-STATE TO LOW 



3-STATE COMMAND OUTPUT 
TEST LOAD 



OUT" 



2.14V 



52.7ft 



=f= 300 pF 



COMMAND OUTPUT 
TEST LOAD 



2.28V 



OUT* 



114ft 



=r=80pF 



CONTROL OUTPUT 
TEST LOAD 



AC TESTING INPUT, 
OUTPUT WAVEFORM 



INPUT/OUTPUT 



0.45- 




- TEST POINTS - 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0" TIMING. MEASUREMENTS ARE MADE AT 1.5V FOR BOTH 
A LOGIC "1" AND"0." 



735 



jiPB8288 



20 

n n 



i~ir~ii~ir~i(~ir~ir~in 



TTTT 
10 



PACKAGE OUTLINES 



n 


r 


I 


~\ 


r\ 


H 




r-\ 


f\ 


M 


n 


- 
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H - 


L 


ii 

F 


— 




1 I 
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h- 









E- 
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f-H 























fl 


J- 


If 


A 


M 


/H 


M 


/a 


M 


M 


1 1 




1 

F 




- 


c 

E- 


~ 


H 


h- 


D 



H J 




0° -15° 



ITEM 


MILLIMETERS 


INCHES 


A 


26.7 MAX. 


1.05 MAX. 


B 


1.05 


0.041 


C 


2.54 


0.1 


D 


0.5 • 0.1 


0.02 • 0.004 


E 


22.86 


0.9 


F 


1.4 


0.055 


F' 


1.1 


0.043 


G 


2.54 MIN. 


0.1 MIN. 


H 


0.5 MIN. 


0.02 MIN. 


1 


3.55 


0.14 


J 


5.08 MAX. 


0.2 MAX. 


K 


7.62 


0.3 


L 


6.4 


0.25 


M 


0.25 * 0.10 
-0.05 


0.01 + 0.004 
-0.002 


R 


1.0R 


0.04R 




0-15° 




ITEM 


MILLIMETERS 


INCHES 


A 


26.7 MAX. 


1.05 MAX. 


B 


0.7 


0.028 


C 


2.54 


0.1 


D 


0.46 s 0.1 


0.018 s 0.004 


E 


22.86 


0.9 


F 


1.4 


0.055 


F' 


0.9 


0,035 


G 


2.54 MIN. 


0.1 MIN. 


H 


0.5 MIN. 


0.02 MIN. 


I 


4.32 MAX. 


0.17 MAX. 


J 


5.08 MAX. 


0.2 MAX. 


K 


7.62 


0.3 


L 


6.8 


0.27 


M 


0.25 + 0.10 
-0.05 


0.01 + 0.004 
-0.002 


R 


0.8R 


0.03R 
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Description 

The mPB8289 Bus Arbiter is used with the nPD8288 Bus 
Controller to interface 8086 and 8088 microprocessors 
to a multimaster system bus. The nPD8289 controls the 
MPD8288 bus controller and the bus transceivers and 
address latches, preventing them from accessing the 
system bus if the processor does not have use of the 
bus. 

An external command sequence will cause the associ- 
ated microprocessor to enter a wait state until the bus 
is ready. The processor remains in the wait state until 
the bus arbiter acquires use of the multimaster system 
bus. Then, the arbiter allows the bus controller, data 
transceivers, and address latches to access the system. 
Once use of the bus has been acquired and data has 
been transferred, transfer acknowledge (XACK) is 
returned to the processor to indicate that the accessed 
slave device is ready. The processor may then complete 
its transfer cycle. 

Features 

□ Multimaster system bus protocol 

□ 8086 and 8088 processor synchronization with multi- 
master bus 

□ Simple interface with the 8288 bus controller and 
8283/8282 address latches to a system bus 

□ Four operating modes for flexible system configuration 

□ Simplified interface to Multibus™ systems 

□ Parallel, Serial, and Rotating priority resolution 

□ Bipolar buffering and drive capability 



Pin Configuration 



S5E 

sysb/re5b c 
resbC 
BcTRC 
iRTfC 
HHEQC 
BPHSE 
BPRRC 

QND C ' 



-w 



M PB8289 

Bus 
Arbiter 



Hvcc 

UCLK 

UC5CR 

D crqlCK 

Hatjyrqst 

DSen 

HCBRQ 

DBDSy 



TM: Multibus is a registered trademark of Intel Corporation. 









M PB8289 
BUS ARBITER 
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Functional Configuration 



v C c 




Control 

Strapping 

Options 



Pin Identification 



- — SYSB/RESB 1 System 
- SEfJ J Signals 



Pin 
Number 


Pin Nam* 


Direction 


Pin Functions 


18, 19, 1 


SO, SI, 82 


IN 


Status Inputs from the 80BS or 8088 
processor. The *jPB8289 decodes them 
to begin bus requests and surrenders. 


17 


CLK 


IN 


Clock signal from the 8284 clock 
generator. 


16 


LOCK 


IN 








IN 




15 


CRQLCK 


Common Request Lock. Prevents the 
pPB8289 from surrendering the bus In 
response to request on the CBRQ 
Input. 


4 


RESB 


IN 


Resident Bus Input. This signal tells 
the |iPB8289 that there Is s multimaster 
and resident bus. When this signal ia 
high, the SYSB/RESB pin handles bus 
arbitration. 


14 


ANYRQST 


IN 


This signal allows the multimaster bus 
to be surrendered to a lower priority 
arbiter. 


2 


TOB 


IN 


I/O Bua. This slgnsl tells the mPB8289 
that there Is an I/O peripheral bus and 
a multimaster system bus. 


13 


AEN 


OUT 


Address Enable. This output tells the 
8288 bus controller, 8284 clock driver, 
and the processor's address latches 
when to trl-state their output drivers. 


3 


SYSB/RESB 


IN 


System Bus/Resident Bus. This signal 
determines when bus requests and sur- 
renders are permitted In SR mode. 


12 


CBRO 


IN/OUT 


Common Bus Request. This Is an input 
from a lower priority arbiter requesting 
the bus. It is an output from arbiters 
that surrender the multimaster bus 
upon request. 


6 


INIT 


IN 


Initialize. Thla ie an active low input 
that resets ail bus arbiters on the multi- 
master bua. No arbiters hsve uee of the 
bus following INIT. 


5 


BCLK 


IN 


System Bus Clock. This clock syn- 
chronizes all system bus interface 
signals. 


7 


BREQ 


OUT 


Bus Request. This output Is used by an 
arbiter to request use of the multimaster 
system bus. 


8 


BPRN" 


IN 


Bus Priority In. This signal telle the 
arbiter It may acquire the bua on the 
next falling edge of BCLK. 
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Block Diagram 



Status 





r C5CK 




CLK 


Processor , 
Control 


CRQCLK 

RESB 




ANYRQST 




iCB 




Pin Functions (Cont.) 



Pin 

Numbw 


Pin Nam* 


Direction 


Pin Functions 


8 


SpRS 


OUT 


Bus Priority Out. In serisl priority resolv- 
ing schemes, this output daisy-chains 
to BPRN of the next lower priority 
arbiter. 


11 


BUSY 


IN/OUT 


Busy notifies all arbiters on the bus 
when the bus Is available. The highest 
requesting arbiter seizes the bus and 
pulls BUSY low to keep other arbiters 
off the bus. 


20 


Vcc 


IN 


+ 5V 


10 


GND 


IN 


Ground 



Bus Master Arbitration 

Higher priority masters generally acquire use of the bus 
when a lower priority master completes its present 
transfer cycle. Lower priority masters acquire the bus 
when no higher priority master is accessing the system 
bus. The ANYRQST strapping option allows the arbiter 
to surrender the bus to a lower priority master as if it 
were a higher priority master. The arbiter maintains the 
bus as long as no other bus masters are requesting the 
bus and its processor has not entered the Halt state. 
The arbiter does not voluntarily surrender the bus and 
must be forced off by a request from another bus 
master, unless the arbiter's processor has entered the 
Halt state. Additional strapping options allow for other 
sets of conditions. 

Priority Resolving Techniques 

The fiPB8289 provides several techniques for resolving 
priority between the many possible bus masters of a 
multimaster system bus. All of these techniques 
assume that one bus master will have priority over all 
others at any given time. You may use Parallel, Serial, 
or Rotating Priority Resolving. 



Parallel Priority Resolving 

This technique uses a Bus Request line (BRE Q) for each 
arbiter on the multimaster system bus. Each BREQ line 
goes to a priority encoder that g enerates the address of 
the highest priority active BREQ line. This binary 
addres s is decoded to select the Bus Priority In line 
(BPRN) that is returned to the highest pri ority a ctive 
arbiter. The arbiter that receives priority (BPRN true) 
allows its bus master onto the multimaster system bus 
as soon as the bus becomes available. An arbiter that 
gets priority over another arbiter cannot immediately 
seize the bus, but must wait until the current bus trans- 
action is complete. When the transaction is complete, 
the curre nt occupant of the bus surrenders the bus by 
releasing BUSY. BUSY is an active low OR tied line 
which goes to every arbiter on the system bus. When 
BUSY goes high (in active ), the priority arbiter seizes 
the bus and brings BUSY low to keep other arbiters off 
the bus. Note that all multimaster syste m bus t ransac- 
tions are synchronized to the bus clock (BCLK). 



Parallel Priority Resolving 



^ 



^ 



^ 



^ 



ssm so 



BUS 
ARBITER 



BPRN 



BUS 
ARBITER 



^ 



BUS 
ARBITER 



74148 
PRIORITY 
ENCODER 



n 



74138 

3-TO-8 

OECODER 



SD57 
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Higher Priority Arbiter Obtaining the Bus from 
a Lower Priority Arbiter 



BEER 



bprR 



BUSY 




Notes: 

© Higher priority arbiter requests the system bus. 

® Attains priority. 

® Lower priority arbiter releases BUSY. 

© Higher priority arbiter then acquires the bus and pulls BUSY low. 



Serial Priority Resolving 

The serial priority resolving technique daisy-chains the 
bus arbit ers tog ether by con necting the higher priority 
arbiter's BPRO output to the BPRN of the next lowest 
priority arbiter. This eliminates the need for the priority 
encoder-decoder arrangement. The number of arbiters 
that m ay be daisy-chained together is a function of 
BCLK and the propagation delay from arbiter to arbiter. 
At 10 MHz, only 3 arbiters may be daisy-chained. 



^ 



^ 



V 



fr 



tf 



BUS 
ARBITER 



6PHR 



BPH8 



1 



BUS 
ARBITER 



BPRN 



BPR6* 



BUS 
ARBITER 



BPRN 



BFHP 



V 



BUS 
ARBITER 



CBRS : 



16057 



Rotating Priority Resolving 

This technique resembles the parallel priority resolving 
technique except that priority is dynamically reassigned. 
The priority encoder is replaced by a circuit that rotates 
priority between arbiters to allow each arbiter an equal 
chance to use the system bus. 



Modes of Operation 

The mPB8289 has two basi c operating modes: I/O 
Peripheral Bus mode (IO B mo de), and Resident Bus 
mode (RESB mode). The IOB strapping option con- 
figures the juPB8289 into IOB mode and the RESB 
strapping option configures it to RESB mode. If both 
options are strapped false, the arbiter interfaces the 
processor to a multimaster system bus only. If both 
options are strapped true, the arbiter interfaces the 
processor to a multimaster system bus, a resident bus, 
and an I/O bus. 

IOB Mode 

IOB" mode allows the processor to access both an I/O 
peripheral bus and a multimaster system bus. On an 
I/O peripheral bus, all devices on the bus, including 
memory, are treated as I/O devices and addressed by 
I/O commands. All memory co mman ds are directed to 
the multimaster system bus. In IOB mode, the proces- 
sor communicates with and controls peripherals over 
the peripheral bus and communicates with system 
memory over the system memory bus. 

RESB Mode 

RESB mode allows the processor to communicate over 
both a resident bus and a multimaster system bus. A 
resident bus can issue memory and I/O commands, but 
it is separate from the multimaster system bus. The 
resident bus has one master and is dedicated to only 
that master. The 8086 and 8088 can communicate with 
a resident bus and a multimaster system bus. The proc- 
essor can access the memory and peripherals of both 
buses. Me mory m apping selects which bus is accessed. 
The SYSB/RESB input on the arbiter instructs the 
arbiter on wh ich bus to access. The signal connected to 
SYSB/RESB also enables and disables commands from 
one of the bus controllers. 
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Mode Summary 







Status Unas 
From 8086 or 
8088 or 8088 




lOBModa 
Only 


RESB (Modo) Only 
IOB ■ High RESB - High 


IOB Mod* RBSB Mod* 
IOB x Low RBSB ■ High 


Singh) 

Bus Mods 

IOB - High 

RESB » Low 




S2 


si 


so 


161 - Low 


SYSB/RESB a 
High 


SYSB/RESB ■ 
Low 


SYSB/RBSB x 
High 


SYSB/RBSB - 
Low 




I/O Commands 












1 


X 
X 


v' 




X 
X 


X 
X 




X 
X 


s 
* 







1 





X 


V* 




X 


X 




X 


S 


Halt 





1 


1 


X 


X 




X 


X 




X 


X 


Memory Commands 


1 
1 








1 


IS 


►» 
S 




X 
X 






X 
X 


IS 




1 


1 





is 


y' 




X 


S 




X 


s 


Idle 


1 


1 


1 


X 


X 




X 


X 




X 


X 



Notes: 

<j) x - Multimaster System Bus is allowed to be surrendered. 
@ s - Multimaster System Bus is requested. 



Multimaster System Bus 



Mode 



Pin 
Strapping 



Requested ® Surrendered ® 



Single Bus IOB = High When the proc- 
Multimaster RESB = Low essor's status 
Mode lines go active 



HLT + Tl • HPBRQt 



RESB Mode IOB = High SYSB/RESB = 
Only RESB = High High 2 Active 



(SYSB/RESB = 
Low + Tl) CBRQ + 
HLT + HPBRQ 



IOB Mode IOB = Low Memory 
Only RESB = Low Commands 



(I/O Status + Tl) 
CBRQ + HLT + 
HPBRQ 



IOB Mode • IOB = Low (Memory 
RESB Mode RESB = High Comm and) * 

(SYSB/RESB = 
High) 



((I/O Status 
Comm ands) + (Tl) 
(SYSB/RESB = 
Low) • CBRQ + 
HPBRQt + HLT) 



Notes: 

(D Except for HALT and Idle status. 



LOCK prevents surrender of bus to any other arbiter. CRQLCK 

prevents surrender of bus to a lower priority arbiter. 

HLT = processor halt; S2-S0 = 01 1 . 

Tj ■ processor idle; S2-S0 -111. 

+ means OR. 

• means AND. 



DC Characteristics 

T a = 0°C to + 70°C; V C C = »V ± 10% 





Symbol 




Umlli 


1 


Unit 




Paramotor 


Mln 


Typ 


Max 


Tost Conditions 


Input Low Voltage 


V|L 






0.8 


V 




Input High Voltage 


V|H 


2.0 






V 




Input Clamp Voltage 


v c 






-1.0 


V 


V CC = 4.50V, 
lc = -5 mA 


Input Forward Current 


<F 






-0.5 


mA 


V CC = 5.50V, 
V F = 0.45V 


Reverse Input Leakage 
Current 


<R 






60 


M A 


V CC = 5.50V 
V R = 5.50V 


Output Low Voltage 
BUS?, C~BlQ 
AEN 

1PHo",bH5" 


vol 






0.45 
0.45 
0.45 


V 
V 
V 


'OL = 2u mA 
'ol = " m * 
'OL = 1u mA 


Output High Voltage 
BUS?, CBRQ 


VOH 




Open 


Collector 






All Other Outputs 


2.4 






V 


l 0H = 400 mA 


Power Supply Current 


■cc 






165 


mA 





Capacitance 



t HPBRQ = higher priority bus request or BPRN = 1 . 





Symbol 


Limits 


Unit 




Parameter 


Mln Typ Mm* 


Tost Conditions 


Input Capacitance 


Cln Status 


25 


PF 




Input Capacitance 


Cin (Others) 


12 


PF 





Absolute Maximum Ratings* 




T a - 2S°C 


Operating Temperature 


0°Cto70°C 


Storage Temperature 


-65°Cto +150°C 


Voltage on Any Pin 


-0.5V to +7V 


All Input Voltages 


-1.0Vto+5.5V 


Power Dissipation 


1.5W 



* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



1)5057, CBRQ 



250 pF 



3) BPRO, BREQ < 



2)AEN 




100 pF 



! 60 pF 
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Typical CPU System Using 
the M PB8289 Bus 
Arbiter 



AD0-AD15 
A16-A19 



1Q1 



READY RDY1 

S284A 
Clock 
Driver 



CLK 



AlfJT 



Status (So, §1, §2) 



61 



8282/ 
8283 



ANYRQT 
ICE 



a 



™ HB8B r ~i 



AER 



AlN 



CLK 8288 



J5B 
DEN DT/R 



u 



<J 



8286/ 
8287 



A 
V 



U PB8289 



-( XACK 



Control 
Bus 



Command 
Bus 



Address 
Bus 



-»- XCUR 
DISABLE 



B 
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AC Characteristics 
Timing Requirements 

T a = O'Cto +70°C;Vcc = SV ±10% 



AC Test Condition Waveform 

Input/Output 





Symbol 




Limits 




Unit 




Parameter 


Mln 


Typ 


Max 


Test Conditions 


CLK Cycle Period 


«CLCL 


125 






ns 




CLK Low Time 


•CLCH 


65 






ns 




CLK High Time 


*CHCL 


35 






ns 




Status Active 
Setup 


<SVCH 


65 


tCLCL" 10 


ns 




Status Inactive 
Setup 


( SHCL 


50 


t C LCL- 10 


ns 




Status Active 
Hold 


«HVCH 


10 






ns 




Status Inactive 
Hold 


«HVCL 


10 






ns 




BUSYti Setup to 
BCLK; 


'bysbl 


20 






ns 




CBRQU Setup to 
BCLKI 


■CBSBL 


20 






ns 




BCLK Cycle Time 


»BLBL 


100 






ns 




BCLK High Time 


»BHCL 


30 


0.65 (t BLBL ) 


ns 




LOCK Inactive 
Hold 


'CLLL1 


10 






ns 




LOCK Active 
Setup 


«CLLL2 


40 






ns 




BPRNJt to BCLK 
Setup Time 


«PNBL 


15 






ns 




SYSB/RESB Setup 


«CLSR1 









ns 




SYSB/RESB Hold 


*CLSR2 


20 






ns 




Initialization Pulse 
Width 


»IVIH 


3 »BLBL + 
3 t CLCL 






ns 




Input Rise Time 


«ILIH 




20 




ns 


From 0.8V to 2.0V 


Input Fall Time 


*IHIL 




12 




ns 


From 2.0V to 0.8V 


Timing Responses 




Symbol 




L/mfte 




Unit 




Parameter 


Mln 


TVP 


Mm* 


Test Conditions 


BCLK to BREQ 
Delay © 


•blbrl 






35 


ns 




BCLK to BPRO 


•blpoh 






40 


ns 




BPRNtt to BPROM 
Delay ©® 


*PNPO 






25 


ns 




BCLK to BUSY 
Low 


'blbyl 






60 


ns 




BCLK to BUSY 
Float ® 


•blbyh 






35 


ns 




CLK to AEN High 


'CLAEH 






65 


ns 




BCLK to AEN Low 


•blael 






40 


ns 




BCLK to CBRQ 
Low 


•blcbl 






60 


ns 




BCLK to CBRQ 
Float ® 


l RLCRH 






35 


ns 




Output Rise Time 


l OLOH 






20 


ns 


From 0.8V to 2.0V 


Output Fall Time 


*OHOL 






12 


ns 


From 2.0V to 0.8V 



Notes: 

Denotes that the spec applies to both transitions of 

the signal. 
(§) BCLK generates the first BPRO. Subsequent changes of BPRO 

are generated through BPRON. 
(§) Measured at 0.5V above GND. 



>15- Test Points -1-^f 
s 1 A 



AC Testing inputs are driven at 2.4V for LOQIC 1 and 0.45V for LOGIC 0. The clock Is 
driven at 4.3V and 0.25. Timing measurements are made at 1 .5V for LOGIC 1 and 0. 

Timing Waveforms 

The signals related to CLK are typical processor signals 
and do not relate to the d epicte d sequence of events of 
the signals re ferenc ed to BCLK. The signals shown 
related to the BCLK represent a hypothetical sequence 
of events for illustration. Assume three bus arbiters of 
priorities 1 , 2, and 3 configured in the serial priority 
resolvin g sche me. Assume arbiter 1 has the bus and is 
holding BUSY low . Arbit er 2 detect s its p rocessor wants 
the bus and pulls BRE Q #2 lo w. If BPRTl #2 is high (as 
shown), arbiter 2 pulls CBRQ low. CBRQ signals to 
higher priority arbiter 1 that a lower priority arbiter 
wants the bus. A higher priority arbiter would be given 
BPRN when it makes the bus request rather than having 
to wait for another arbiter to release the bus through 
CBRQ. Arbiter 1 relinquishes the multimaster system 
bus w hen it e nters a sta te of n ot requiring it, by l ower- 
ing its BPRO #1 (tied to BPRN #2) and rel easing BUSY. 
Arbiter 2 now sees that it has priority from BPRN #2 
being low and releases CBRQ. As soon as B USY si gni- 
fies the bus is available (hi gh), ar biters pulls BUSY low 
on the next falling edge of BCLK. Note that if arbiter 2 
didn't want the bus at the time it received priority, it 
wo uld pa ss priority to the next lower priority by lowering 
its BPRO #2 (TPNPO). Note also that even a higher 
priority aribiter which is acqu iring th e bus through 
BPRN will momentarily drop CBRQ until it has acquired 
the bus. 
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Timing Waveforms 

STATE T4- 



S2, Si, So 



■ tCLCL 



i 



\ 



BPBN #2 
(§PRO#1) 



BPRO #2 
(HPRN#3) 



3 CZA 



d — ^ 



f-. 



£ 



J\ 



tSHCL 



y~^ 



/ 




V 



\ 



J- 



I 



~\- 



¥~A 



rzi 



743 



M PD8289 



Package Outlines 

MPB8289D 

Cardlp 

AH mauurtmanti In MM 





26.7 Max 






20 11 

i-li— 11— lF-ii—ii— lmi—ir-in 




O.BR 


» 


8.8 









M PB8289C 
Plastic 



i— ii—ii_ii_ii_ii— i i i i i i_i 




0.9— H II— 
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NEC Electronics U.S. A. Inc. 

Microcomputer Division 



pPD8355 

pPD8355-2 

jiPD8755A* 



16,384-BIT ROM WITH I/O PORTS 
*16,384-BIT EPROM WITH I/O PORTS 



DESCRIPTION TheMPD8355 and the /iPD8755A arejuPD8085A Family components. ThejuPD8355 
contains 2048 x 8 bits of mask ROM and the //PD8755A contains 2048 x 8 bits of 
mask EPROM for program development. Both components also contain two general 
purpose 8-bit I/O ports. They are housed in 40 pin packages, are designed to directly 
interface to the /xPD8085A, and are pin-for-pin compatible with each other. 



FEATURES 



2048 X 8 Bits Mask ROM (/uPD8355 and juPD8355-2) 

2048 X 8 Bits Mask EPROM (juPD8755A) 

2 Programmable I/O Ports 

Single Power Supplies: +5V 

Directly Interfaces to the juPD8085A 

Pin for Pin Compatible 

juPD8755A: UV Erasable and Electrically Programmable 

MPD8335 and juPD8355-2 Available in Plastic Package 

/XPD8755A Available in Ceramic Package 



PIN CONFIGURATIONS 



CEC 


1 


^ 40 


D v cc 


CEC 


1 V - / 40 


D v cc 


CE C 


2 


39 


1PB 7 


CEC 


2 


39 


3PB7 


CLK C 


3 


38 


DPB 6 


CLKC 


3 


38 


DPB 6 


RESET C 


4 


37 


3pb 5 


RESET C 


4 


37 


3™ 5 


NC C 


5 


36 


3 pb 4 


v DD C 


5 


36 


DPB4 


READY C 


6 


35 


3PB 3 


READY C 


6 


35 


DPB3 


IO/M E 


7 


34 


DPB 2 


IO/M C 


7 


34 


DPB 2 


IOR C 


8 


33 


D PB1 


Tor C 


8 


33 


DPB1 


RD C 


9 


32 


Dpb 


RD C 


9 


32 


3 PB 


IOW C 


10 


JUPD 31 


Dpa 7 


iowC 


10 juPD 31 


DPA7 


ALE C 


11 


8355/ 30 


DP"A 6 


aleC 


1 1 8755A 30 


1PA 6 


AD C 


12 


8355-2 29 


3pa 5 


ad C 


12 


29 


3 PA 5 


ADi C 


13 


28 


3 PA 4 


ADi C 


13 


28 


3 PA 4 


AD 2 C 


14 


27 


3 PA 3 


AD 2 C 


14 


27 


3 PA 3 


AD 3 C 


15 


26 


3pa 2 


AD 3 C 


15 


26 


3 pa 2 


AD 4 C 


16 


25 


DPAt 


AD 4 C 


16 


25 


3p*i 


AD 5 C 


17 


24 


3 RA 


AD 5 C 


17 


24 


3 PA 


AD 6 C 


18 


23 


3 A 10 


AD 6 C 


18 


23 


Uaio 


AD 7 C 


19 


22 


3 Ag 


ADyC 


19 


22 


3 Ag 


vssC 


20 


21 


3 A 8 


VssC 


20 


21 


D A 8 


NC: C 


tot Connected 
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pPD8355/8755A 



The MPD8355 and juPD8755A contain 16,384 bits of mask ROM and EPROM 
respectively, organized as 2048 X 8. The 2048 word memory location may be 
selected anywhere within the 64K memory space by using the upper 5 bits of 
address from the /iPD8085A as a chip select. 

The two general purpose I/O ports may be programmed input or output at any 
time. Upon power up, they will be reset to the input mode. 



FUNCTIONAL DESCRIPTION 



V D D© V CC (+5V) 



AD 7 - ADq 



A10- A 8 — /*- 
READY -» 




PA 7 - PA 



PB 7 -PB 



V S S<0V) 
Note: ® V DD applies to mPD8755A only. 

Operating Temperature (MPD8355) 0°C to +70°C 

(MPD8755A) ' 0°C to +70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin (juPD8355) -0.5 to +7V ® 

(iuPD8755A) -0.5 to +7V (D 

Power Dissipation . 1.5W 

Note: ® With Respect to Ground 

T a = 25°C 

♦COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



BLOCK DIAGRAM 



ABSOLUTE MAXIMUM 
RATINGS* 



T a = 0°Cto+70°C;Vcc = 


5V±5% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 


-0.5 




0.8 


V 


Vcc * 5.0V © 


Input High Voltage 


V| H 


2.0 




Vcc+05 


V 


V C C " 5.0V© 


Output Low Voltage 


vol 






0.45 


V 


lOL = 2 m A 


Output High Voltage 


VOH 


2.4 






V 


'OH = -400 **A 


Input Leakage 


IlL 






10 


MA 


v IN = Vcc toOV 


Output Leakage Current 


■lo 






±10 


ma 


0.45V <V0UT <V CC 


V CC Supply Current 


ice 






180 


mA 





Note: 



© 



DC CHARACTERISTICS 



These conditions apply to jtPD83S5 only. 
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PIN IDENTIFICATION 



I/O PORTS 



PIN 


FUNCTION 


NO. 


SYMBOL 


NAME 


1,2 


CE, CE 


Chip Enables 


Enable Chip activity for 
memory or I/O 


3 


CLK 


Clock Input 


Used to Synchronize Ready 


4 


Reset 


Reset Input 


Resets PA and PB to all inputs 


5® 


NC 


Not Connected 




5® 


VDD 


Programming 
Voltage 


Used as a programming voltage, 
tied to +5V normally 


6 


Ready 


Ready Output 


A trl-state output which is 
active during data direction 
register loading 


7 


IO/M 


I/O or Memory 
Indicator 


An input signal which is used 
to indicate I/O or memory 
activity 


8 


IOR 


I/O Read 


I/O Read Strobe In 


9 


RD 


Memory Read 


Memory Read Strobe In 


10 


iow 


I/O Write 


I/O Write Strobe In 


11 


ALE 


Address Low 
Enable 


Indicates information on 
Address/Data lines is valid 


12-19 


AD0-AD7 


Low Address/Data 
Bus 


Multiplexed Low Address and 
Data Bus 


20 


vss 


Ground 


Ground Reference 


21-23 


A8-A10 


High Address 


High Address inputs for ROM 
reading 


24-31 


PA0-PA7 


Port A 


General Purpose I/O Port 


32-39 


PB0-PB7 


Port B 


General Purpose I/O Port 


40 


vcc 


5V Input 


Power Supply 



Notes: CD/iPD8355 
@ /xPD8755A 

I/O port activity is controlled by performing I/O reads and writes to selected I/O port 
numbers. Any activity to and from the juPD8355 requires the chip enables to be active. 
This can be accomplished with no external decoding for multiple devices by utilizing 
the upper address lines for chip selects. CD Port activity is controlled by the following 
I/O addresses: 



B 



AD! 


ADo 


PORT SELECTED 


FUNCTION 








A 


Read or Write PA 





1 


B 


Read or Write PB 


1 





A 


Write PA Data Direction 


1 


1 


B 


Write PB Data Direction 



Since the data direction registers for PA and PB are each 8-bits, any pin on PA or PB 
may be programmed as input oi output (0 = in, 1 = out). 

Note: CD During ALE time the .data/address lines are duplicated on A15-A8- 
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T a - 0°C to 70°C; Vcc - 5V i 5% 



Symbol 


Parameter 


83S6 


8355-2 


Unit 


Test 
Conditions 


Mln. 


Max. 


Mln. 


Max. 


«CYC 


Clock Cycle Time 


320 




200 




ns 


c LOAD-'50pF 


T1 


CLK Pulse Width 


80 




40 




ns 


T2 


CLK Pulse Width 


120 




70 




ns 


tf.tr 


CLK Rise and Fall Time 




30 




30 


ns 


tAL 


Address to Letch Set Up Time 


50 




30 




ns 


150 pF Load 


tLA 


Address Hold Time after Latch 


30 




30 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 




ns 


tRD 


Valid Data Out Dealy from READ Control 




170 




140 


ns 


tAD 


Address Stable to Data Out Valid 




400 




330 


ns 


tLL 


Latch Enable Width 


100 




70 




ns 


tROF 


Data Bus Float after READ 





100 





85 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/WRITE Control Width 


250 




200 




ns 


'DW 


Data in to Write Set Up Time 


150 




150 




ns 


tWD 


Data in Hold Time After WRITE 


10 




10 




ns 


tWP 


WRITE to Port Output 




400 




400 


ns 


tPR 


Port Input Set Up Time 


50 




60 




ns 


tRP 


Port Input Hold Time 


50 




50 




ns 


tRYH 


READY HOLD Time 





160 





160 


ns 


tARY 


ADDRESS (CE) to READY 




160 




160 


ns 


tRV 


Recovery Time Between Controls 


300 




200 




ns 


tRDE 


READ Control to Data Bus Enable 


10 




10 




ns 



AC CHARACTERISTICS 



30 ns for >iPD8755A 
c LOAD-150pf= 



ROM READ, I/O READ AND WRITE © 

H«— T2 — m~i 

j — v__y — i t v 



TIMING WAVEFORMS 




PROM READ, I/O READ AND WRITE 

X 




CE must remain low for the entire cycle 



748 



MPD8355/8755A 



TIMING WAVEFORMS 
(CONT.) 



CLOCK 




«CYC" 



WAIT STATE TIMING (READY = 0) 

<y~\ r\ f\ /-\_^a. 




INPUT MODE: 



I/O PORT 



RDOR 
IOR 



\ 



PORT 
INPUT 



~X 



DATA 
BUS 



/ 



X 



X 



OUTPUT MODE: 



PORT 
OUTPUT 



DATA 
BUS 



\ 



/ 



Ht 



GLITCH FREE 
OUTPUT 




x 



x 



EPROM PROGRAMMING 
juPD8755A 



Erasure of the juPD8755A occurs when exposed to ultraviolet light sources of wave- 
lengths less than 4000 A. It is recommended, if the device is exposed to room 
fluorescent lighting or direct sunlight, that opaque labels be placed over the window to 
prevent exposure. To erase, expose the device to ultraviolet light at 2537 A at a 
minimum of 15 W-sec/cm2 (intensity X expose time). After erasure, all bits are in the 
logic 1 state. Logic 0's must be selectively programmed into the desired locations. It 
is recommended that NEC's PROM programmer be used for this application. 
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PACKAGE OUTLINES 
MPD8355C 



ITEM 


MILLIMETERS 


INCHES 


A 


51.5 MAX 


2.028 MAX 


B 


1.62 


0.064 


C 


2.54 + 0.1 


0.10 + 0.004 


D 


0.5 ±0.1 


0.019 ±0.004 


E 


48.26 


1.9 


F 


1.2 MIN 


0.047 MIN 


G 


2.54 MIN 


0.10 MIN 


H 


0.5 MIN 


0.019 MIN 


I 


5.22 MAX 


0.206 MAX 


J 


5.72 MAX 


0.225 MAX 


K 


15.24 


0.600 


L 


13.2 


0.520 


M 


+ 0.1 
0.25 

- 0.05 


+ 0.004 

0.010 „„„ 

- 0.002 




uuuuuuuuuuuuuuuuuuuu 



MPD8755AD 
Cerdip 




*0.25 -0.05 *|l*' 
0-15° 
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NEC 

NEC Electronics USA Inc. 

Microcomputer Division 
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REPRESENTATIVES & DISTRIBUTORS 



NEC 

NEC Electronics U.S. A. Inc. 

Microcomputer Division 



U.S. REPRESENTATIVES 

Alabama 

20th Century Marketing, Inc. 
Huntsville, AL 35801 
205-533-9281 

Arizona 

Fred Board Associates, Inc. 
Scottsdale, AZ 85252 
602-994-9388 

California 

Cerco 

San Diego, CA 921 11 

714-560-9143 

Quorum Technical Sales 
San Jose, CA 95110 
408-297-1640 

Santana Sales 

Los Alamitos, CA 90720 

714-827-9100 

Colorado 

D/Z Associates 
Denver, CO 80221 
303-429-9369 

Connoctlcut 

HLM Associates 
Waterbury, CT 06708 
203-753-9894 

Florida 

Semtronics.lnc. 
Altamonte, FL 32701 
305-831-8233 
Clearwater, FL 33515 
813-461-4675 



Montgomery Marketing, Inc. 
Norcross, GA 30092 
404-447-6124 

Illinois 

T. A. Carroll and Associates 
Schaumburg, IL 60195 
312-843-1125 

Indiana 

M/S Sales & Associates, Inc. 
Fort Wayne, IN 46808 
219-484-1904 
Indianapolis, IN 46260 
317-257-8915 

Kansas 

Advanced Technical Sales 
Overland Park, KS 66214 
913-492-4333 

Maryland 

Professional Representatives 
Baltimore, MD 21208 
301-653-3600 

Massachusetts 

Compass Technology 
Woburn, MA 01801 
617-933-3336 

Michigan 

Miltimore Sales, Inc. 
Grand Rapids, Ml 49506 
616-942-9721 
Novi, Ml 48050 
313-257-8915 



Minnesota 

Electronic Innovators, Inc. 
Eden Prairie, MN 55344 
612-941-0830 

Missouri 

Advanced Technical Sales, Inc. 
St. Louis, MO 63011 
314-227-4448 

Hew Jersey 

B.G.R. Associates 
Marlton.NJ 08053 
609-428-2440 

HLM Associates, Inc. 
Parsippany, NJ 07054 
201-263-1535 

New Mexico 

Rontek, Inc. 

Albuquerque, NM 87191 
505-299-4124 

Mew York 

D. L. Eiss & Associates, Inc. 
Kingston, NY 12401 
914-338-7588 
Rochester, NY 14624 
716-328-3000 
Syracuse, NY 13220 
315-457-0492 

HLM Associates, Inc. 
Northport, NY 11768 
516-757-1606 

North Carolina 

Montgomery Marketing 
Cary.NC 27511 
919-467-6319 

Ohio 

Imtech, Inc. 
Akron, OH 44321 
216-666-1185 
Dayton, OH 45414 
513-278-6507 

Oregon 

Electronic Technical Sales Associates 
Hillsboro, OR 97123 
503-640-8086 

Tennessee 

20th Century Marketing, Inc. 
Knoxville, TN 37922 
615-966-3608 

Texas 

Technical Marketing, Inc. 
Austin, TX 78758 
512-835-0064 
Carrollton, TX 75006 
214-387-3601 
Houston, TX 77081 
713-777-9228 

Utah 

D/Z Associates 

Salt Lake City, UT 84115 

801-268-2876 

Washington 

Electronic Technical Sales Associates 
Kirkland.WA 98033 
206-827-8086 

Wisconsin 

T. A. Carroll and Associates 
Milwaukee, Wl 53207 
414-744-6842 



CANADIAN 
REPRESENTATIVES 

British Columbia 

Kaytronics Western 
Blaine, WA 98230 
604-581-8411 

Ontario 

Kaytronics, Inc. 

Concord, Ontario L4K1B1 

416-669-2262 

Kanata, Ontario K2K 2A3 

613-592-6606 

Villa St. Pierre, QU H8R 3Y8 

514-367-0101 



752 



U.S. DISTRIBUTORS 

Alabama 

Marshall Industries 
Huntsville, AL 35801 
205-881-9235 

RM/Alabama, Inc. 
Huntsville, AL 35805 
205-852-1550 

Arizona 

Marshall Industries 
Tempe, AZ 85281 
602-968-6181 

Sterling Electronics 
Phoenix, AZ 85034 
602-250-4531 

Western Microtechnology 
Scottsdale, AZ 85260 
602-948-4240 

California 

Cetec Electronics 
San Diego, CA 92123 
714-278-5020 
South Gate, CA 90280 
213-773-6521 

Diplomat Electronics 
Sunnyvale, CA 94086 
408-734-1900 

Image Electronics 
Tustin, CA92680 

714-730-0303 

Marshall Industries 

CanogaPark, CA91304 

213-999-5001 

El Monte, CA 91731 

213-686-0141 

Irvine, CA 92707 

714-556-6400 

San Diego, CA 921 31 

714-578-9600 

Sunnyvale, CA 94086 

408-732-1100 

Pacesetter Electronics 
Santa Ana, CA 92704 
714-557-4800 

Ryno Electronics 
San Diego, CA 921 11 
714-292-6022 

United Components, Inc. 
Santa Clara, CA 95050 
408-496-6900 

Western Microtechnology 
Cupertino, CA 95014 
408-725-1660 

Colorado 

Active Component Technology 
Lakewood, CO 80215 
303-233-4431 

Diplomat Electronics 
Englewood, CO 80112 
303-740-8300 

Marshall Industries 
Denver, CO 80221 
303-427-1818 

Connecticut 

Cronin Electronics 
Wallingford, CT 06492 
203-265-3134 

Diplomat Electronics 
Danbury, CT 06810 
203-797-9674 

Marshall Industries 
Wallingford, CT 06492 
203-265-3822 



Milgray Electronics, Inc. 
Orange, CT 06477 
203-795-0711 

Florida 

Diversified Electronic Components 
Ft. Lauderdale, FL 33309 
305-973-8700 

Diplomat Electronics 

Clearwater, FL 33515 

813-443-4514 

Ft. Lauderdale, FL 33309 

305-971-7160 

Palm Bay, FL 32905 

305-725-4520 

Marshall Industries 
Orlando, FL 32805 
305-841-1878 

Milgray Electronics 
Winter Park, FL 32789 
305-647-5747 

Reptron Electronics, Inc. 
Tampa, FL 36240 
813-855-4656 

Georgia 

Diplomat Electronics 
Norcross, GA 30092 
404-449-4133 
800-241-4874 

Marshall Industries 
Norcross, GA 30093 
404-923-5750 

Milgray/Atlanta, Inc. 
Dunwoody, GA 30338 
404-393-9666 

Illinois 

Diplomat Electronics 
Bensenville.IL 60106 
312-595-1000 

Inter Comp, Inc. 
Hoffman Estates, IL 60195 
312-843-2040 

Marshall Industries 
Bensenville, IL 60106 
312-595-6622 

NEP Electronics 
Chicago, IL 60634 
312-625-8400 

Reptron Electronics, Inc. 
Arlington Heights, IL 60005 
312-593-7070 

RM Illinois, Inc. 
Lombard, IL 61048 
312-932-5150 

Indiana 

Graham Electronics 
Ft. Wayne, IN 46803 
219-423-3422 
Indianapolis, IN 46204 
317-634-8202 

Kansas 

LCOMPInc. 
Wichita, KS 67214 
316-265-8501 

Milgray/Kansas City, Inc. 
Overland Park, KS 66202 
913-236-8800 

Louisiana 

Sterling Electronics 
Metairie, LA 70002 
504-887-7610 

Maryland 

Almo Electronics Corp. 
Rockville, MD 20850 
301-251-1161 



Diplomat Electronics 
Columbia, MD 21045 
301-995-1226 

Marshall Industries 
Gaithersburg, MD 20760 
301-840-9450 

Milgray/Washington, Inc. 
Rockville, MD 20852 
301-486-6400 

Massachusetts 

Diplomat Electronics 
Holliston, MA 01746 
617-429-4120 

Future Electronics 

Westboro,MA01581 

617-366-2400 

Marshall Industries 
Burlington, MA 01803 
617-272-8200 

Milgray New England, Inc. 
Burlington, MA 01803 
617-272-6800 

RC Components 
Wilmington, MA 01887 
617-273-1860 

Sterling Electronics 

Waltham,MA02154 

617-894-6200 

Michigan 

Reptron Electronics, Inc. 
Livonia, Ml 48150 
313-525-2700 

Minnesota 

Diplomat/Electro-Com Corp. 
Fridly, MN 55432 
612-572-0313 

Industrial Components, Inc. 
Minneapolis, MN 55435 
612-831-2666 

Marshall Industries 
Plymouth, MN 55441 
612-559-2211 

Missouri 

LCOMRInc. 

Kansas City, MO 64120 

316-221-2400 

Maryland Heights, MO 63043 

314-291-6200 

New Jersey 

Diplomat Electronics 
Totowa, NJ 07512 
201-785-1830 

General Radio Supply Corp. 
Camden, NJ01802 
609-964-8560 

Marshall Industries 

Clifton, NJ 07015 

201-340-1900 

Mt. Laurel, NJ 08054 

609-234-9100 

Milgray/Delaware Valley, Inc. 
Marlton, NJ 08002 
609-983-5010 

Sterling Electronics 
Perth Amboy, NJ 08861 
201-442-8000 

New Mexico 

Sterling Electronics 
Albuquerque, NM 87107 
505-884-1900 



New York 

Diplomat Electronics 
Liverpool, NY 13088 
315-652-5000 
Melville, NY 11747 
516-454-6400 

Marshall Industries 

E.Syracuse, NY 13057 

315-432-0644 

Haupauge,NY11738 

516-273-2424 

Rochester, NY 14611 

716-235-7620 

Milgray Electronics, Inc. 
Freeport, NY 11520 
516-546-5600 
Pittsford, NY 14534 
716-385-9330 

Rochester Radio 
Rochester, NY 14603 
716-454-7800 

North Carolina 

Resco/Raleigh 
Raleigh, NC 27612 
919-781-5700 

Ohio 

Electronic Marketing Corp. 
Columbus, OH 43212 
614-299-4161 

Marshall Industries 
Dayton, OH 45424 
513-236-8088 

Milgray/Cleveland, Inc. 
Cleveland, OH 44131 
213-447-1520 

Reptron Electronics, Inc. 
Columbus, OH 43229 
614-436-6675 

Oklahoma 

Component Specialties, Inc. 
Tulsa, OK 74145 
918-644-2820 

Sterling Electronics 
Tulsa, OK 74145 
918-663-2410 

Oregon 

Radar Electric Co., Inc. 
Portland, OR 97214 
503-232-3404 

United Components, Inc. 
Milwaukee, OR 97222 
503-653-5940 

Pennsylvania 

Almo Electronics 
Philadelphia, PA 19114 
215-698-4000 
Pittsburgh, PA 15237 
412-931-5990 

Texas 

Active Component Technology 

Addison, TX 75001 

214-980-1888 

Austin, TX 78758 

512-452-5254 

Houston, TX 77082 

713-496-4000 

Component Specialties, Inc. 

Austin, TX 78758 

512-837-8922 

Dallas, TX 75220 

214-357-6511 

Houston, TX 77036 

713-771-7237 



Diplomat Electronics 
Houston, TX 77099 
713-530-1900 

Kent Electronics 
Houston, TX 77036 
713-780-7770 

Marshall Industries 
Dallas, TX 75234 
214-233-5200 
Houston, TX 77042 
713-789-6600 

Sterling Electronics 
Austin, TX 78758 
512-836-1341 
Dallas, TX 75229 
214-243-1600 
Houston, TX 77027 
713-627-9800 

Utah 

Diplomat Electronics 
Salt Lake City, UT 84115 
801-486-4134 

Virginia 

Sterling Electronics 
Richmond, VA 23231 
804-226-2190 

Washington 

Bell Industries 
Bellevue, WA 98005 
206-747-1515 

Marshall Industries 
Tukwila, WA 98188 
206-575-3120 

United Components, Inc. 
Bellevue, WA 98007 
206-643-7444 

Western Electromotive 
Tukwila, WA 98188 
206-575-1910 

Wisconsin 

Marsh Electronics 
Milwaukee, Wl 53214 
414-475-6000 



CANADIAN DISTRIBUTORS 

British Columbia 

Martin Electronic Marketing Corp. 
Surrey, B.C. V4A2J4 
206-332-6904 

Ontario 

Carsten Electronics 

Ottawa, Ontario K2A 7C8 

613-729-5138 

Scarborough, Ontario M1R 3E8 

416-751-5095 

Future Electronics 
Downsview, Ontario M3H 5S9 
416-663-5563 

Future Electronics 
Chemin de Baxter, Ottawa 
613-820-8313 

Quebec 

Carsten Electronics 

St. Laurent, Quebec H451R7 

514-334-8321 

Future Electronics 
Montreal, Quebec H9R5C7 
514-694-7710 



NEC 

NEC Electronics U.S. A. Inc. 

Microcomputer Division 



One Natick Executive Park 

Natick, Massachusetts 01760 

TEL 617-655-8833 

TWX 710-386-2110 



REGIONAL SALES OFFICES 

EASTERN REGION 

275 Broadhollow Road, Route 110 
Melville, NY 11747 
TEL: 516-293-5660 
TWX: 510-224-6090 

MIDATLANTIC REGION 

2000 Grosvenor Century Plaza, Suite 333 
10632 Little Patuxent Parkway 
Columbia, MD 21044 
TEL: 301-730-8600 
TWX: 710-862-2868 

MIDWESTERN REGION 

5105 Tollview Drive, Suite 190 
Rolling Meadows, IL 60008 
TEL: 312-577-9090 
TWX: 910-233-4332 

NORTHEASTERN REGION 

21 -G Olympia Avenue 
Woburn, MA 01801 
TEL: 617-935-6339 
TWX: 710-348-6515 

NORTHWESTERN REGION 

20480 Pacifica Drive, Suite E 
Cupertino, CA 95014 
TEL: 408-446-0650 
TWX: 910-338-2085 

OHIO VALLEY REGION 

19675 West Ten Mile Road 
Southfield, Ml 48075 
TEL: 313-352-3770 
TWX: 810-224-4625 

SOUTHWESTERN REGION 

1940 West Orangewood Avenue, Suite 205 
Orange, CA 92668 
TEL: 714-937-5244 
TWX: 910-593-1629 

SOUTH CENTRAL REGION 

16475 Dallas Parkway, Suite 290 
Dallas, TX 75248 
TEL: 214-931-0641 
TWX: 910-860-5284 

SOUTHEASTERN REGION 

Vantage Point Office Center, Suite 209 
4699 North Federal Highway 
Pompano Beach, FL 33064 
TEL: 305-785-8250 
TWX: 510-956-9722 




